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NOTE 

In  planning  this  helpful  series  of  Educators,  it  has  been  the 
aim  of  the  author  and  publishers  to  present  step  by  step  a 
logical  plan  of  study  in  General  Engineering  Practice,  taking 
the  middle  grotmd  in  making  the  information  readily  available  and 
showing  by  text,  illustration,  question  and  answer,  and  calcula- 
tion, the  theories,  ftmdamentals  and  modem  applications,  includ- 
ing construction  in  an  Interesting  and  easily  understandable 

form. 

Where  the  question  and  answer  form  is  used,  the  plan  has 
been  to  give  short,  simple  and  direct  answers,  limited  to  one 
paragraph,  thus  simplifying  the  more  complex  matter. 

In  order  to  have  adequate  space  for  the  presentation  of  the 
important  matter  and  not  to  divert  the  attention  of  the  reader, 
descriptions  of  machines  have  been  excluded  from  the  main 
text,  being  printed  in  smaller  type  under  the  illustrations. 

Leonardo  Da  Vinci  once  said: 

"Those  who  give  themselves  to  ready  and  rapid  practice 
before  they  have  learned  the  theory,  resemble  sailors  who  go 
to  sea  in  a  vessel  without  a  rudder'' 

— in  other  words,  "a  little  knowledge  is  a  dangerous  thing.** 
Accordingly  the  author  has  endeavored  to  give  OS  much  infor^ 
motion  as  possible  in  the  space  allotted  to  each  subject. 

The  author  is  indebted  to  the  various  manufacturers  for 
their  co-operation  in  furnishing  cuts  and  information  relat- 
ing to  theur  products. 

These  books  will  speak  for  themselves  and  will  find  theil 
place  in  the  great  field  of  Engineering. 
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HEAT 


Heat  may  be  defined  as  a  form  of  energy  in  bodies,  consisting 
of  molecular  vibraHon.  When  heat  fs  applied  to  a  substax^ce,  the 
molecules  of  which  the  substance  is  composed,  which  ate  for- 
ever moving,  move  faster.  Again,  if  the  substance  be  cooled, 
that  is,  if  some  heat  be  taken  away  from  it,  the  molecules  move 
slower. 

Ques.    What  is  a  molecule? 

Ans. '  The  smallest  particle  in  which  a  substance  can  exist  in 
the  free  or  unconxbined  state. 

It  is  the  least  part  into  which  a  compound  can  be  subdivided  and  yet 
retain  it&  characteristic  properties.  The  molecule  of  any  compound  nnist 
contain  at  least  two  atoms  and  geDeraUy  consists  of  many  more. 

Ques.    What  are  the  three  ^ ^states'*  of  matter? 

Ans.    Solid,  liquid,  and  gas. 

Ques.  With  respect  to  the  molecules,  how  are  tlie 
three  states  distinguished? 

Ans.     By  the  character  of  their  motion . 


*NOTB. — Sir  WSUam  Thomson  estimated  that  if  a  drop  of  water  be  magnified  to  tbff 
sife  of  tl^  earUi.  the  ynolecules  of  water  would  each  be  less  than  the  sise  of  a  .baseball  and 
lazser  than  small  shot. 
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Ques.    How  do  the  molecules  move  in  a  solid  ? 

Ans.    Back  and  forth  like  tiny  pendulums. 

Ques.    How  do  they  move  in  a  liquid  ? 

Ans.     They  wander  all  around  without  any  definite  path, 

Ques.    How  do  they  move  in  a  gas? 

Ans.     In  straight  lines. 


THIRD 

STATE 

STEAM 


SECOND 

STATE 

WATER 


very  near  the  safety  valve,  or  such  portion  that  is  invisible. 


*The  Unit  of  Heat. — ^The  present  generally  accepted  heat 
unit,  called  the  British  thermal  unit  (J5./.w.)»  is  defined  as     ^ 


Twiy 


of  the  heat  required  to  raise  the  temperature  of  water  from  S2^toiili 
Fahr. 


*NOTB. — ^The  old  definition  of  the  heat  unit  as  given  by  Rankin  is:  the  quatUUy  tf  hetA 
reviited  to  raise  the  temperature  cf  1  Pound  of  water  l^F.^ator  near  its  temperature  o^  maximum 
density  (S9J^  F);  this  unit  was  the  accepted  standard  up  to  1909.  Peabody  defines  it  aS 
the  heat  required  to  raise  1  pound  of  water  from  69^  to  0S^F^  and  Marks  and  Davis  as  Vi»  <^ 
the  heat  required  to  raise  1  pound  of  water  from  St^  to  gl9^  F.  According  to  Marks  and  Davis' 
definition  the  heat  required  to  raise  1  pound  of  water  from  32°  to  212°  is  180  instead  of  180.3 
tmits,  and  the  latent  heat,  970.4  instead  of  969.7  units.  Evidently  this  is  the  mean  heat  unit 
and  the  tendency^  is  toward  this  as  a  standard.  The  heat  unit  represents  a  definite  'amount  of 
heat  as  distinguished  from  temperature  which  represents  the  intensity  of  the  heat.  Thus  the 
amount  of  heat  so  supplied  in  raising  the  temi)erature  of  1  pound  of  water  5°  P,  or  5  pounds 
of  water  1°  P..  is  5  beat  units.  To  raise  the  temperature  of  5  pounda  of  water  6^  P.,  would 
requires  5  X  6»25  heat  imits,  etc. 
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Temperature. — A  substance  is  said  to  be  hot  or  cold  according 
to  its  physical  or  sensible  effect  when  touched.  This  effect 
depends  upon  the  rate  of  motion  of  the  molecules,  that  is'to  say, 
the  faster  the  molecules  move,  the  hotter  the  substance  feds, 
and  the  slower  the  motion,  the  colder  the  substance.  The  con- 
dition  of  a  substance  with  respect  to  its  molecular  activity 
is  called  its  temperature. 

Place  the  hand  in  a  basin  of  ''cold"  water.  It  feels  cold;  apply  heat  to 
the  water,  and  it  gradually  becomes  warm,  that  is  its  temperattire  is  said 
to  rise.  Again,  put  a  rea  hot  poker  into  a  vessel  of  water,  the  poker  is 
"cooled"  and  the  water  "heated";  that  is,  heat  passes  from  the  poker  to 
the  water,  the  temperature  of  the  poker  is  lowered;  and  that  d  tne  water 
increased.  In  both  cases  there  has  been  a  transfer  of  heat  from  one  body 
to  the  other,  the  body  from  which  the  heat  passes  is  said  to  have  the  higher 
temperature. 

Ques.    Define  the  term  temperature. 

Ans.  Temperattu*e  is  the  condition  of  a  body  on  which  its 
power  of  communicating  heat  to,  or  receiving  heat  from,  other 
bodies  depend. 

Ques.  When  is  a  body  at  a  higher  temperature  than 
another  body? 

Ans.  When  its  molecules  move  faster  than  those  of  the  other 
body. 

Ques.    How  is  temperature  measured? 

Ans.    By  a  thermometer. 

Thermometers. — ^Exp^rience  shows  that  while  an  idea  of 
temperature  and  of  the  difference  between  two  temperatures  may 
be  derived  from  the  sense  of  touch,  no  accurate  knowledge  can 
be  obtained  from  that  source  alone. 
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If  a  piece  of  metal  and  a  i^iece  of  doth 
which  are  lyin^  side  by  side  in  front  ola 
fire  be  touched,  the  metal  will  appear 
hotter  than  the  flannel,  though  the  two 
may  be  shown  by  a  suitable  experiment  to 
be  at  the  same  temperature;  again  if  the 
two  be  very  cold,  the  metal  will  appear  the 
colder.  From  this  must  be  evident  that 
the  sensation  does  not  depend  on  the  tem- 
perature alone — it  depends  also  on  the 
rate  at  which  heat  is  transferred  to  or  from 
the  hand  and  the  substance  touched. 
Accordingly  it  becomes  necessary  to 
employ  an  instrument  known  as  a  ther- 
mometer to  accurately  measure  temper- 
ature. 


Ques.  Upon  what  principle  are 
th^tnometers  based  ? 

Ans.  The  expansion  and  contrac- 
tion of  substances  due.  to  the  effect 
of  heat. 

Ques.  What  is  the  substance 
generally  used  in  thermometers? 

Ans.     Mercury. 


Pigs.  3»281and  3,282. — Construction  of  a  mercury  thermometer.  A  bulb  A,  is  blown  at  one  end 
of  a  glass  tube  of  narrow  uniform  bore.  A  cup^  or  funnel  B«  is  formed  at  the  other  end. 
At  C,  a  short  distance  below  the  ftmnel,  tube  is  drawn  out  by  heating  it  in  a  blow  pipe 
flame  so  as  to  form  a  narrow  neck  for  sealing  off  the  thermometer  when  made.  If  mercury 
be  poured  into  B.  it  will  not  run  down  the  tube  to  fill  the  bulb  because  of  the  narrowness  of 
the  bore.  Hence,  a  small  quantity  of  mercury  is  placed  in  B,  and  the  bulb  gently  heated; 
the  air  expands  and  some  of  it  bubbles  out  through  the  merctuy  in  B.  The  bulo  is  then 
allowed  to  cool  and  the  pressure  of  the  enclosed  air  falls,  thus  some  of  the  mercury  is  forced 
down  the  tube,  and,  if  sufficient  air  has  been  expelled,  >  into  the  bulb.  When  this  takes 
place  the  mercury  in  the  bulb  is  boiled,  the  vapor  of  mercury  forcing  most  of  the  air  out  of 
the  upper  part  of  the  bulb  and  tube.  When  the  bulb  is  again  cooled  the  merctuy  vapor 
condenses  and  more  mercury  flows  in  from  the  reservoir.  By  repeating  the  process  once  or 
twice  the  last  traces  of  air  may  be  removed  and  the  bulb  and  tube  filled  with  mercury. 
Now  place  the  bulb  and  tube  in  a  bath  at  a  rather  higher  temperature  than  the  highest  at 
which  the  thermometer  is  to  be  used.  Some  of  the  mercury  e3q>ands  into  the  ftmnel;  remove 
this  and  allow  the  thermometer  to  cool  slowly.  As  the  mercury  contracts  have  a  blow  pipe 
ready,  and  as  the  end  of  the  column  is  just  passing  the  narrow  neck  0,  heat  the  tube  at  that 
point  and  draw  off  the  ftmnel  end,  thus  sealmg  the  tube.  The  mercury  as  it  cools  contracts* 
leaving  a  space  filled  only  with  mercury  vapor. 
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Quea.  Describe  the  contraction  of  im 
ordinary  th^tnometer* 

Ans.  It  consists  of  a  glass  tube  containing 
mercury.  A  bulb  is  blown  on  one  end  of  the 
tube  and  filled  with  mercury.  When  both  glass 
and  mercury  are  heated, :  the  mercury  expands 
more  than  the  glass  does,  and  finds  the  extra 
space  needed  by  rising  in  the  fine  capillary  bore 
of  the  stem. 


The  bore  is  so  fine  that  a  very  slight  change  in  the 
volume  of  mercury  will  cause  a  perceptible  diange  in 
the  len^h  of  the  thread  of  mercury  in  the  stem.  The 
cylindrical  stem  acts  as  a  magnifying  glass  and  makes 
uie  thread  of  mercury  look  much  laiger  than  it  is. 

Ques.  Why  is  mercury  the  best  liquid 
for  use  in  a  thermometer? 

Ans.  1,  It  remains  liquid  through  a  wide 
range  of  temperature.  2.  Its  rate  of  ex- 
pansion is  nearly  constant  within  ordinary 
limits.  3.  It  transmits  or  receives  heat  very 
rapidly,  and  therefore  can  be  rapidly  cooled  or 
heated,  and  5,  it  does  not  'Vet**  the  glass  in 
which  it  is  contained. 


Ques.    How    is    the    mercniry 
made  to  indicate  temperature? 

Ans.     By  means  of  a  scale. 


column 


Fig.  3,283.— Tagliabue  thermometer  for  feed  water  and  condenser  use;  also  for  injectkni  water, 
inbottrd  deliverjr,  outboard  delivery  and  other  marine  uses.  Straight  form  type  with  fixed 
thread  connection. 


Ques.    How  Is  the  scale  ^duated? 

Ans.  By  determining  the  two  "fixed  points"  and  then  gradu- 
ating the  distance  between  them  into  the  proper  number  of 
degrees  corresponding  to  the  particular  scale  used. 

Ques.    What  are  the  two  fixed  points? 

Ans.     The  freezing  point  and  the  boiling  point. 


¥ 


Pios.  3.2&i  to  3.2Stt.— Tagli: 
fig.  3.2S5.  union;  P~  "  """  — 
^(st  form  and  is  i 
^.  3.2^.  allows 

all  iojurious  wrei ., 

HtHToAb  tockel.  6g.  3,2S6. 
bulb  chamber  of  the  ther 
apparatus  and.  after  sucb 


chamber;  F,  boc_,. , 

Owinc  to  the  perfect  contact 
gether  by  meana  of  coupling    ' 


thermometer  confwctioD-     Pig.   3,2S^ 
'  -      ■-        •     miectmn  (fig.  3.284)  is 
tnermomeieronly.  The 

.pjilial  to  straight  sterna 

likely 


the  Sim- 
srtinil  posi- 


onaf  bulb  chamber 
laae,  allowing 


actly  fits  o- 
^ter  itself  to 


mtruction  is  shown  in  the  secUtmal 
eimometer  stem;  B.  tapered  bulb 
ending  eiBCtly  to  outside  of  E. 
:  and  F  when  same  are  forced  to- 
■mitted  through  the  two  chambers 


PK:.3,2i>.— Method  of  determining  the  fre«ing 
ik  it  iDiBll  hd3 
lie  thermometer 

Bsel  placed  below  to  receive  it.    The 


lequlnd.  Tien  is 


To  detennine  the  i 
point,  the  thermometer  _ 
packed  in  mtUing  ice  and 
allowed  to  remaia  until  tbe 
mercuiy  comes  to  rest,'  when 
the  height  of  the  liquid  is 
marked  on  the  scale.  The 
thennometer  is  then  immersed 
in  saturated  steam  at  atmos- 
pheric pressure,  that  is,  steam 
formed  under  pressure  of  a 
30-inch  tarometer.  The  mer- 
cury will  rise  a  conaderable 
disUnce,  and  when  it  comes  to 
rest  its  hei^t   is   located    cm 


Thermometer  Scale. — 

Since  the  distance  or  dif- 
ference in  temperature  be- 
tween the  two  fixed  points 
of  a  thermometer  is  con- 
siderable, a  nimiber  of  sub- 
divisions should  be  marked 
on  a  scale  so  that  any  two 
temperatures  may  be  more 
closely  ccnnpared  than  would 
be  possible  with  only  the 
two  fixed  points. 

Ques.    What  are  these 
sub-dlvislonB  called? 

Ans.     Degrees. 

Pio.  1,390, — Method  of  d<t«nnimng  thi  boiling  point,  Placa  the  theimometeriiithaututated 
•toKn  isBuiiiB  from  boiling  water.     The  apparatus  used  for  this  puipoH,  called   a    h;^|K 

•a  inner  lube  fitUng  loosely  on  to  a  glan  flasli.    A 
mnd  the  thermometer  is  inserted  throush  a  hole  in  1 

■uctace  of  the  water  in  the  flask.    As  the  water  boil ^ 

bulb  and  issues  between  the  flask  and  the  loose  cover.  Aowmg  Aown  on  the  outside  oC  the 
flask  betwifien  it  and  the  cover.  When  the  mercury  ceasea  to  move  in  the  tube  adjust  tber- 
mometer  until  the  mercury  level  i>  just  visible  above  the  cork,  and  afur  leaving  it  in  this 
poflition  a  few  moments  mark  the  level  of  the  mercury.     Before  marldnff  the  boilinff  point 
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Qiies.  Define  a  rise  of  temperature 
of  one  degree. 

« 

Ans.  It  is  that  rise  of  temperature  which 
causes  the  mercury  to  expand  by  some  definite 
fraction  of  the  total  expansion  between  the 
freezing  and  the  boiling  points, 

Ques.  What  are  the  names  of  the 
scales  in  general  use? 

Ans.  The  Fahrenheit,  the  Centigrade, 
and  the  Reaumur  scale. 

The  Fahrenheit  thermometer  is  generally  used 
in  English  speaking  countries,  and  the  Centigrade 
or  Celsius  thermometer  in  countries  that  use  the 
metric  system.  In  many  scientific  treatise  in 
English,  however.  Centigrade  readings  are  also 
used,  either  with  or  without  their  Fahrenheit 
equivalents.  The  Reatunur  thermometer  is  used 
to  some  extent  on  the  continent  of  Europe. 

*  The  Fahrenheit  Sicate.— The  number  of 
degrees  between  the  two  fixed  points  is  1$0.  The 
freezing  point  is  32*  above  zero,  hence  the  boiling 
point  is  32**-fl80**=212^ 

The  Centigrade  5!cate.— The  number  of 
degrees  between  the  two  fixed  points  is  100.  The 
freezing  point  is  zero,  hence  the  boiling  point  is 

loo^ 


Pig.  3,291 . — Comparison  of  thermcnneter  scales,  showing  relation  between  values  of  the  Fahren- 
heit, Centigrade,  and  Reaumur  scales. 


*NOT£. — ^The  first  modem  thermometer,  in  which  mercury  was  used,  was  the  invention 
of  Gabriel  Daniel  Fahrenheit,  a  German  nattiral  philosopher,  who  died  September  16,  1736, 
at  the  a^  ol  fifty.  Fahrenheit  was  a  native  of  Danzig,  and  failed  as  a  merchant  before  he 
turned  his  attention  to  the  making  of  thermometers.  At  first  he  used  spirits  of  wine  in  the 
tubes,  but  was  dissatisfied  with  the  result,  and  then  used  mercury  with  great  success.  He 
opened  a  shop  in  Amsterdam,  and  from  there  his  instruments  soon  spread  throughout  the 
wcwld.  The  scale  suggested  by  Fahrenheit  is  still  in  general  use  in  a  large  part  of  the  world, 
although  the  centigrade  thermometer  of  Celsius,  of  Stockholm^  offered  a  more  rational  gradua- 
tion, and  in  France  Reaumur  proposed  another  graduation,  which  was  adopted  in  that  country. 
In  Englsuad  and  America*  however.  Fahrenheit  is  a  household  word. 
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The  Reaumur  Scale. — ^The  nttmber  of  degrees  between  the  two  fixed 
points  is  80.  The  freezing  point  is  25ero,  and  accordingly,  the  boiling 
point,  80**. 

Comparison  of  Thermometer  Scales. — It  is  often  desirable 
to  find  the  equivalent  reading  of  one  scale  on  another  scale, 
because  in  becoming  accustomed  to  a  particular  scale,  a  better 
conception  of  temperature  is  had  than  for  readings  on  a  less 
familiar  scale.  Accordingly,  the  following  conversion  fraction 
will  be  found  convenient  to  obtain  equivalent  readings. 


1  degree  Fahrenheit  =  5/9  degree  Centigrade  =  4/9  degree  Reaumur 

1       "      Centigrade  =  9/5       "     Fahrenheit  =  4/5       " 

1      "      Reaumur     =  9/4       "  "  =  5/4       "     Centigrade 


Temperature  Fahrenheit  =  9/5  X  temp.  C  +  32**  =  9/4  R  +  32* 
Centigrade  =  5/9  X  (temp.  Fahr.  —  32)  -  5/4  R 
Reaimiur     =  4/5  temp.  C  «  4/9  (Fahr.  —  32) 


It 


Absolute  Temperature. — According  to  various  experiments 
that  have  been  made  with  pure  gases  f  with  the  rise  of  air  ther- 
mometers,  it  has  been  found  that  air  expands  approximately 
450:2  of  its  volume  per  degree  increase  in  temperature  at  zero  F. 
270  of  its  volume  at  0^  C.)    Accordingly,  by  cooling  Ute  air 


'i'NOTB. — Why  Fahrenheit  eeiected  32**  a»  the  treezing  point.  Pahienbeit  was 
living  in  Dansig  at  the  time  of  his  experiments,  and  knew  from  many  years'  experience  just 
how  cold  it  is  in  that  cdty  in  the  coldest  weather.  He  found  that  he  could  exactly  reproduce 
this  temperature,  anytime,  anjrwhere,  by  mixing  salt  with  pounded  ice.  This  temperature, 
he  concluded,  was  the  lowest  limit  of  heat,  since  neither  nature  out  of  doors,  nor  eiq)enment8  in 
his  laboratory,  could  go  any  lower.  Accordingly,  he  put  some  mercury  into  a  tube  and  bulb, 
pltmged  it  into  a  mixture  of  salt  and  ice,  and  scratched  a  zero  mark  on  the  glass  at  the  top  ox 
the  mercttry  column.  Thishedeemed  to  be  the  absolute  zero.  He  then  calculatcMl  the  mercury 
volume  at  that  temperature,  and  found  it  to  be  1,124  x>axts.  Next  he  placed  the  same  ther- 
mcMneter  in  a  mixture  of  ice  and  water.  The  mercury  promptly  expanded  and  occupied 
11.156  parts  by  volume,  or  32  parts  of  an  increase  over  the  zero  volume.  Accordin^y,  he 
scratched  the  number  32  at  this  new  height  of  the  mercury  column,  and  call^  it  fiieesing 
point  of  water.  Next  he  placed  the  thermometer  in  boiling  water.  The  mercury  expanded 
to  11,336  parts  or  212  parts  higher  than  zero.  This  he  called  the  boiling  point  of  water.  He 
divided  the  scale  between  32  and  212  into  180  equal  divisions,  which  he  ouled  degrees,  and  his 
scale  was  complete. 
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helow  zero,  the  reverse  process  should  be  true;  that  is  to  say,  for  each 
degree  F.  decrease  in  temperature,  the  volume  at  zero  would  be 
contracted  459:6 •  It  must  be  evident  then,  if  a  volume  of  a  per- 
feet  gas  could  be  cooled  to  — 459.2''  F.  it  would  cease  to  exist, 
giving  the  theoretical  point  known  as  the  absolute  zero ,  However , 
aU  gases  assume  the  liqtiid  form  at  very  low  temperature,  and 
accordingly  do  not  obey  the  law  of  contraction  of  gases  at  and 
near  the  absolute  zero . 


FAHTl-  Z\Z 
AB5.  675* 
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Fig.  3,^2.— Graphical  method  of  determimng  the  absolute  zero.  It  ia  found  by  e3q>eriment  that 
when  air  is  heated  or  cooled  under  constant  pressure,  its  volume  increases  or  decreases  in 
such  a  way  that  if  the  voltmie  of  the  gas  at  freezing  point  of  water  be  1  cu .  f  t.  then  its  volimie 
when  heated  to  the  boiling  point  of  water,  will  have  expanded  to  1.3654  cu.  ft.  Or,  inversely, 
if  the  voltune  remain  constant,  and  the  pressure  exerted  by  the  gas  at  freezing  point 
»  1  atmosphere,  then  the  pressure  at  boiling  point  of  water  »  1.3654  atmospheres.  These 
x;g8ttlts  jnav  be  set  out  in  the  form  of  a  diagiam,  as  here  shown.  In  eonatruction,  draw  a 
honzontalunetorepresenttemi^ratures  to  any  scale  and  mark  on  it  points  representing  the 
freezing  point  ana  boiUng  point  of  water,  marked  32<^  and  212^  resnectively.  From  32° 
set  out,  at  right  angles  to  the  line  of  temperature,  a  line  of  pressure  Afi,  ^  1  atmosphere  to 
any  acale^and  at  212^  a  line  CD  t  1.3654  atmospheres  to  the  same  scale.  Join  the  ex- 
tremities DB,  of  these  lines  to  intersect  the  line  of  temperatures.  It  is  assumed  by  physicists 
that,  9ince  the  pressures  vary  regularly  per  degree  of  change  of  temperature  between  certain 
limits  within  the  range  of  experiment ^  they  vary  also  at  the  same  rate  beyond  that  range,  and, 
therefore,  that  the  point  of  intersection  of  the  straight  line  DB,  produced  gives  the  point  at 
which  the  pressure  is  reduced  to  zero,  ttaa  point  being  known  as  the  abKUUtm  zero. 


The  property  of  air  of  changing  its  volume  at  cx>nstant  pressure  ahnost 
exactly  in  proportion  to  the  absolute  temperature,  gives  a  starting  point 
as  the  basis  for  all  air  volume  temperature  calculations.  If  Po  be  the  pres- 
sure and  Vo  the  volume  of  a  gas  at  32**  Fahr.,  =  491.6®  on  the  absolute 
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scale  ■=  To;  P  the  pressure  and  V,  the  volume  of  the  same  quantity  of  gas 
at  any  other  absolute  temperature  T,  then 


also, 


The  figure  491.2  is  the  number  of  degrees  that  the  absolute  zero  is  below 
the  meltmg  point  of  ice  by  the  air  thermometer.  On  the  absolute  scale, 
where  division  would  be  indicated  by  a  perfect  gas  thermometer,  the  cal- 
culated value  approximately  is  492'.66.  Thomson  considers  that  —459.4** 
Fahr.  ( — ^273.1    C)  is  the  most  probable  value  of  the  absolute  zero. 

Pyrometers. — Mercury  thermometers  answer  all  ordinary 
requirements,  but  are  not  adapted  to  the  measurements  of  high 
temperatures.  For  this  purpose  an  instrument  known  as  a 
pyrometer,  of  which  there  are  several  types,  is  used.  Among 
the  various  principles  upon  which  pyrometers  are  constructed, 
are: 

1.  The  contraction  of  clay  by  heat. 

As  in  the  Wedgwood  Pyrometer  used  by  potters,  the  method  is  not  ac- 
curate because  the  contraction  varies  with  the  quality  of  the  clay. 

2.  Expansion  of  air. 

As  in  the  air  thermometer,  Weborgh's  Pyrometer,  Uehling  arid  Stein- 
h£«t's  Pyrometers,  etc. 

3.  Specific  heat  of  solids. 

As  in  the  copper  ball,  platinum  baU,  and  frpe  day  pyrometer. 

4.  Relative  expansion  of  two  metals  or  other  substances. 

As  copper  and  iron  as  in  Brown's  and  Buckley's  pyrometers,  etc. 

6.  Melting  parts  of  metal  or  other  substances. 

As  in  approximate  determination  of  temperature  by  melting  pieces  of 
zinc,  lead,  etc. 
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6.  Measurement  of  strength  of  a  thermoelectric  couple. 
As  in  Le  Chatelier's  Pyrometer. 

7.  Changes  in  electric  resistance  of  platinum. 
As  in  the  Siemer's  Pyrometer. 

8.  Mixture  of  hot  and  cold  air. 

As  in  Hobson-s  hot  blast  pyrometer. 


Pigs.  8.206  and  3,207.— Brown  platinum 
rhodium  thenno-oouples  for  temperatures 
up  to  3 .000  <*  Pahr .  The  couple  is  formed 
of  one  wire  of  chemically  pure  platinum » 
and  the  other  of  00  per  cent  platinum 
and  10  per  cent  rhodium,  the  diameter 
being  Jj2  tmder,  and  the  melting  point 
of  the  couple  being  about  S.ldO*^  Fahr. 
The  wires  of  the  thermo-couple  are  insu- 
lated by  small  porcelain  tubes,  each 
pierced  with  one  hole,  through  which  the 
wires  are  run.  The  thermo-couple  is  pro- 
tected from  the  action  of  gases  which 
tend  to  destroy  platinum  by  either  porce- 
lain or  quartz  protecting  tubes,  both  of 
which  are  impervious  to  gases,  and  the 
thermo-couple  has  a  metal  head,  fibre 
cover  and  brass  binding  posts.  When 
the  thermo-couple  is  heated  it  generates 
a  small  current  of  electrici^.  The 
current  or  millivolU^  generatea  by  this 
thermo-couple,  if  suitable  allo>rs  be  used, 
is  sufficient  to  operate  an  electrical  instru- 
ment or  millivoltmeter.  As  the  tem- 
perature of  the  thermo-couple  rises  and 
falls,  the  thermo-electric  current  in- 
creases or  decreases,  and  is  indicated  on 
the  instrument  f  in  degrees  Fahrenheit  or 
Centigrade,  or  in  miUivoHs. 


9.  Time  required  to  /heat  a  weighted  quantity  of  water  enclosed 
in  a  vessel. 

As  in  the  water  pyrometer. 


Ques.    Describe  a  simple  psrometer  working  on  the 
principle  of  relative  expansion  of  two  substances. 


I.    Pyods  ar«  intended  for  use  undef 
W,  copper 


1,800*  P»hr.     Tht  partM  an.  Ci,  loiu  h .    ...  ,-, 

lewb:  A.  suxiUaiy  couple;  P.pvodi  OS,  double  BtofBng  box;  1,. 
or  iialume  protectian  pipe. 


Figs.  BJWB  to  3,301.— Sectional  view*  of  Foxboto  "pyod"  juuctknu 
IliowuE comtTuctioD-  B.ccnterwinelement^D.BslHtoa joautation; 
tidHikr  elemsot;  W,  weldi  CW,  cup  weld  for  vedal  -ate. 
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Ans,  A  p3rrometer  of  this  type  may  be  constructed  by  en- 
closing a  rod  of  graphite  in  a  tube  of  iron.  The  graphite  expands 
and  contracts  more  than  iron,  behaving  just  as  the  mercury  and 
glass  in  a  mercury  thermometer.  There  is  a  limit  to  the  use  of 
this  pyrometer  as  the  very  high  temperatures  met  with  in  furnace 
work  will  melt  the  iron  and  boil  the  carbon.  Carbon  has  the 
curious  property  of  boiling  before  it  reaches  its  melting  po&it. 

High  Temperature  Judged  by  Color. — ^The 
of  a  body  can  be  approximately  judged  by  the  experiend 
unaided,  and  M.  Pouillet  has  constructed  a  table,  which 
generally  accepted,  giving  the  colors  and  their 
temperature  as  below: 


Incipient  red  heat . . 

Dull  red  heat 

Incipient  cherry  red 

heat 

Cherry  red  heat 

Qear  cherry  red  heat 


Deg. 
C 

525 
700 

800 

900 

1,000 


P 

977 
1,292 

1,472 
1,652 
1,832 


.A 


Deep  orange  heat.. 
Qear  orange  heat. . 

White  heat 

Bright  white  heat.. 


I^IOO  2,021 

1,200  2,192 

1,300  2,372 

1,400  2,552 

1,500  2,732 

Dazzling  white  heat*?     to  to 

1,600  2,912 

■  ■  '4 


According  to  Kent,  the  restdts  obtained,  however,  are  unsatis- 
factory, as  much  depends  on  the  susceptibility  of  the  retina  of 
the  observer  to  light  as  well  as  the  degree  of  illumination  under 
which  the  observation  is  made. 


The  Mechanical  Equivalent  of  Heat. — ^Ahno^t  everyone 
knows  that  hammiering  a  nail  wiU  make  it  hot,  or  that  the/barrel 
of  a  bicycle  or  automobile  pump  will  become  heated  iti  ptimping 
up  a  tire,  but  comparatively  few  know  that  there  is  a  direct  wi- 
mericai  relationship  existing  between  the  amount  of  work  done 
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and  the  quantity  of  heat  produced .  This  relationship  is  known 
as  the  "mechanical  equivalent  oj  heat,"  and  was  discovered  by 
Dr.  Joide  of  Manchester,  England,  in  1843. 

Joule  reasoned,  that  if  the  heat  produced  by  friction,  etc.,  be  merely 
mechajiical  energy  which  has  been  transferred  to  the  molecules  of  the  heated 
body,  then  the  same  number  of  heat  units  must  always  be  produced  by  the 
disappearance  of  a  given  amoimt  of  inechanical  energy.  And  this  must  be 
true  no  matter  wheUier  the  work  be  eicpeoded  in  overcoming  the  friction  of 
wood  oa  wood,  of  iron  on  iron,  in  percussion,  in  compression,  or  in  any 
oljier  conceivable  way.  To  see  whether  or  not  this  were  so,  he  caused 
mechanical  energy  to  disappear  in  as  many  ways  as  possible,  and  measured 
in  every  case'the  amount  of  heat  developed. 


Fr.  8.S02.— The  mechanical  equivalent  of  heat,  b  1S43  Dr.  Joule  of  Maocheater,  England, 
peiformed  his  clauic  experiment,  which  revealed  to  the  world  the  mechanical  equivalent  of 
heat.  As  shows  in  the  figure,  a  paddle  was  made  to  revolve  with  as  little  trictinn  as  po^ble 
in  a  ressel  containing  a  pound  of  water  whose  tempeiatuiB  was  known.  The  paddle  was 
actuated  by  a  koown  w«ght  falliiu  through  a  known  distance.  A  pound  faliiii  llirimih 
a  diitaiienrf  onm  foot  rt^aaits  a  fool  pound  of  nark.  At  the  beginning  of  the  experiment 
A  thcrmometerwasplBcedin  the  water,  and  the  temperature  noted.  The  paddle  was  mads 
to  lenA-n  hy  the  [ailing  weight.  When  773  foot  pounds  of  energy  had  been  expended  on  the 
pound  oC  water,  tbe  tempeiatun  of  the  latter  had  risen  one  dear-"  ---■  '■'--  --'-'■- — '--- 
between  hi -~  - 


•qoindait.  Hon  ncent  eumments  give  higher  figures,  the  value  7TS.  is  now  generaUy 
lued  but  according  to  Ent  777.02  u  probably  mon  nearly  correct.  Mada  and  Davis  in 
Uieir  ateam  tables  have  used  the  figure  777.G2. 

Expansion  Due  to  Heat. — One  effect  of  heat  is  to  catise 
substances  to  expend;  This  may  be  explained  by  saying  that 
heat  is  molecular  motion.    An  increase  of  heat  is  diie  to  an 
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increase  in  the  velocity  of  motion  of  the  molecules.  Accordingly 
the  molecules  by  their  more  frequent  violent  collisions  become 
separated  a  little  farther  from  one  another,  and  as  a  result  the 
body  expands,  as  shown  in  the  experiments  illustrated  in  the 
accompa,nying  cuts.  The  amount  by  which,  say  a  rod  of  metal 
increases  in  length  for  a  moderate  use  of  temperature  differs 
for  different  metals,  but  is  in  all  cases  very  small.  Experi- 
ments show  that  the  increase  in  length  is  proportional  to  the 


COEFFICIENT  OF  EXPANSION  »F  +  L 


Figs.  3,803  and  3,304. — Coefficient  of  expansion.  If  a  bar  of  length  L,  at  temperature  n* 
Fahr..  as  in  fi«.  3.303,  be  heated  to  n**  +  l"*  Pahr.,  and  expand  a  dktaace  P.  as  in  fig.  3.304, 
then  the  coemdent  of  expansion  is  P  H-  L. 


original  length  and  to  the  change  of  temperature,  careful  experi- 
ments have  been  made  to  find  for  each  substance  a  factor  called 
the  coefficient  of  expansion. 

Ques.    Define  the  coefficient  of  linear  expansion? 

Ans.  It  is  the  ratio  of  the  increase  in  length  produced  by  a  rise 
of  temperature  of  1^  to  the  original  length. 

Ques.  What  provision  must  be  made  on  boilers  because 
of  the  expansion  of  the  metal  due  to  heat? 

Ans.  In  setting  horizontal  shell  boilers,  one  end  is  supported 
on  rollers  to  allow  expansion  and  contraction  with  temperature 
changes;  the  tubes  of  water  tube  boilers  are  arranged  so  they  are 
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free  to  expand  and  contract;  steam  mains,  especially  when  long 
have  expansion  joints,  or  the  equivalent. 

A  bettCT  method  of  providing  for  expansion  in  boiler  shells  is  to  suspend 
them  by  links  attached  to  overhead  cross  beams. 

Ques.    State  some  advantages  and  disadvantages  of 
expansion  and  contraction  due  to  heat. 

Ans.    Boiler  plates  are  fastened  with  red  hot  rivets.    When 
the  rivets  cool  they  contract  and  bind  the  plates  together  with 


Fig.  3,305. — ^Radiometer.  It  consists  of  a  partially  exhausted  btilb  within  which  is  a  little 
aluminum  wheel  carrying  four  vanes  blackened  on  one  face  and  polished  on  the  other. 
When  the  instrument  is  held  in  sunlight  or  before  a  lamp  the  vanes  rotate  in  such  a  way 
that  the  blackened  faces  always  move  away  from  the  source  of  radiation.  This  is  because 
the  blackened  faces  absorb  ether  waves  better  than  do  the  poUshed  faces,  and  thus  become 
hotter.  The  h^ted  air  in  contact  with  these  faces  then  exerts  a  greater  pressure  against 
them  than  does  the  air  in  contact  with  the  polished  faces.  The  more  intense  the  radiation, 
the  faster  is  the  rotation. 

Pig.  3.306. — Ceslie's  cube  for  illustrating  lines  of  radiation.    It  has  four  polished  faces. 


great  force.  Iron  tires  are  fibrst  heated  and  then  put  onto  the 
wheel.  When  the  iron  cools,  the  tire  contracts  and  binds  the 
wheel.  A  short  space  must  be  left  between  the  rails  of  a  railroad 
to  permit  expansion  and  contraction  without  injury. 
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Transfer  of  Heat. — ^There  are  three  ways  in  which  heat 
may  be  transferred  from  one  body  to  another  at  lower  tempera- 
ture, as  by: 

1.  Radiation. 

2.  Conduction. 

3.  Convection. 

These  three  methods  of  transfer  are  clearly  illustrated  in  the  operation 
of  a  steam  boiler,  thus  heat  from  the  burning  fuel  passes  to  the  metal  of  the 
heating  surface  by  radiation;  it  passes  through  the  metal  by  conducHant 
and  is  transferred  to  the  water  by  convettian. 

When  heat  is  transmitted  by  radiation,  the  hot  body,  as  the  burning  fuel 
in  the  above  example,  sets  up  waves  in  the  ether.  When  the  waves  fall  upon 
another  body  (as  the  boiler  plate)  its  energy  is  aeain  converted  into  heat. 
The  waves  are  not  heat,  but  are  caused  by  neat  ana  may  cause  heat. 

In  conduction,  heat  travels  through  a  body  (as  the  boiler  plate)  from 
molecule  to  molecule.  At  points  where  the  temperature  is  hi{;n  the  mole- 
cules are  moving  faster  than  at  points  where  the  temperature  is  low.  The 
molecules  communicate  the  motion  to  the  adjacent  molecules,  they  to 
others,  and  in  this  way  heat  passes  through  the  body. 

Water  and  most  other  liquids  are  very  poor  conductors  of  heat,  that  is, 
heat  is  not  readily  transferred  to  them  by  conduction.  Hence,  if  an  up- 
right test  tube  be  filled  with  water  and  a  flame  be  applied  to  its  upper 
portion,  the  water  will  boil  vigorously  at  the  top  while  no  perceptible  neat 
IS  felt  at  the  bottom. 

Now  if  the  heat  be  applied  at  the  lowest  point,  all  of  the  water  is  quiddy 
raised  to  the  boiling  point.  The  explanation  is  that  the  water  next  to  the 
bottom  is  first  heated  and  caused  to  expand.  Then  it  rises  because  of  the 
buoyant  effect  of  the  denser  cold  liquid.  In  this  way  convection  currents 
are  set  up  which  continually  raise  the  warmer  water  to  the  top  and  permit 
the  cooler  water  to  sink  to  the  bottom.  The  movement  of  the  water  thus 
set  up  is  called  circulation  in  boilers,  and  the  successful  operation  of  any 
boiler  depends  upon  a  proper  circulation,  so  that  the  heat  may  be  rapidly 
transferred  to  the  water  by  convection. 

Conductivity. — On  a  cold  day  a  piece  of  metal  feels  much 
colder  to  the  hand  than  a  piece  of  wood,  notwithstanding  the 
fact  that  the  temperature  of  the  wood  must  be  the  same  as  that 
of  the  metal.  On  the  other  hand,  if  the  same  two  bodies  had 
been  lying  in  the  hot  sun  in  midsummer,  the  wood  might  be 
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handled  without  discomfort^  but  the  metal  wotfid  be  uncom- 
fortably hot.  The  explanation  of  this  phenomena  is  found  in 
the  fact  that  the  iron,  being  a  much  better  conductor  than  the 
wood,  imparts  heat  to  the  hand  much  more  rapidly  in  summer, 
and  removes  beat  from  the  hand  much  more  rapidly  in  winter, 
than  does  the  wood.  In  general,  the  better  the  conductor,  the 
hotter  it  will  feel  to  a  hand  coldfer  than  itself,  and  the  colder  to 
a  hand  hotter  than  itself. 


COPPCH  WIRE 

i 


Piu.  3,307. — ^Experiment  illustrating  the  difference  in  conductivity  of  metals.  Take  two  wires, 
say  copper  and  iron,  and  stretch  them  across  a  flame  as  shown.  Rub  the  wires  back  and 
forth  with  a  piece  of  beeswax  and  at  the  same  time  hold  a  flame  beneath  the  wax.  Numer- 
ous beads  of  the  wax  will  cling  to  the  wires.  When  cool,  let  a  flame  play  against  the  wires 
at  one  point.  The  wax  will  melt  and  flow  much  farther  from  the  flame  on  the  copper  than 
on  the  iron  wire.  At  the  point  where  the  flame  is  applied,  the  iron  will  become  red-hot 
before  the  copper  does,  because  the  heat  cannot  so  readily  leave  that  point  on  the  iron 
and  also  because  the  capacity  of  iron  for  heat  is  less  than  that  of  copper. 


All  metals  aire  good  conductors,  though  some  are  much  better  than 
others,  silver  and  copper  being  the  best  Any  substance  that  is  a  good 
conductor  of  electricity  is  also  a  good  conductor  of  heat. 

Most  ordinary  liquids  and  all  gases  are  poor  conductors.  The  experiment 
in  fig.  3,307  illustrates  the  difference  in  conductivity  of  metals. 

The  relative  conductivity  of  a  number  of  important  substances  is  given 
in  the  table  below: 


Silver 1.096 

Copper 1.041 

Aluminum 344 

Zinc ,.303 

Iron 167 

Mercury 0152 


Marble 005 

Glass .0025 

Water 0014 

Cork .0007 

Hydrogen 0004 

Air ; 000056 
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Absorption  of  Heat. — Some  substances  readily  absorb  the 
heat  waves  which  fall  upon  them.  Thus,  if  a  thermometer  bulb 
be  covered  with  soot  or  lamp  black,  it  will  show  a  higher  tempera- 
ture than  one  near  by  which  is  not  so  heated. 

Polished  surfaces  are  poor  absorbers  and  also  poor  radiators, 
while  rough  surfaces  are  both  good  absorbers  and  radiators. 
The  radiometer,  shown  in  fig.  3,305,  illustrates  the  absorption  of 
heat. 

Specific  Heat.^By  experiment  upon  diflEerent  substances 
it  has  been  determined  that  it  requires  different  amounts  of  heat 


Fig.  3,308. — ^Tyndall's  specific  heat  ai>paratus.  It  coruUtB  of  a  metal  plate,  paraffine  cake, 
tripod  support  and  five  balls  of  different  metals  with  holder,  in  experiment,  the  balls  are 
supported  on  the  holder  and  heated  in  boiling  water.  Then,  when  placed  on  the  paraffine 
eake,  they  will  melt  their  way  through  it  at  different  rates,  depending  on  their  specific  heats. 
The  metal  plate  is  used  as  a  mould  to  form  the  paraffine  cake  and  also  to  catch  the  balls  on 
their  fall. 

to  change  their  temperatures  one  degree.  Water  is  taken  as 
the  standard  for  specific  heat;  that  is,  the  specific  heat  of  any 
substance  is  expressed  in  terms  of  the  amount  of  heat  required 
to  raise  the  temperature  of  water  one  degree;  thus,  by  definition, 
the  specific  heat  of  a  substance  is  the  ratio  of  the  quantity  of  heat 
needed  to  raise  its  temperature  one  degree  to  the  amount  needed 
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to  raise  the  temperature  of  the  same  weight  .of  water  one  degree; 
expressed  as  a  formula, 

__  BJ»u.  required  to  raise  temperature  of  substance  1° 

^^^  ""  B.t.u,  required  to  raise  temperature  same  weight  water  1® 

from  this  it  follows  that, 

Specific  heat  ^B,t,u,  required  to  heat  one  lb.  of  a  substance l^F. 

One  of  the  simplest  methods  of  determining  specific  heat  is  by 
mixing  the  substance  with  water. 

Example,  Suppose  that  six  pounds  of  mercury  at  100**  C,  be  poured 
into  two  pounds  of  water  at  0®  Cf,  and  that  the  resulting  temperature  of  the 
"mixture"  is  9**.  The  specific  heat  S,  of  the  mercury  can  then  be  found  as 
follows: 

In  falling  from  100®  to  9*  the  six  pounds  of  mercury  give  out 
6  X  (100 — ^9)  X  S,  or  546  S  heat  units.  These  have  gone  to  heat  two 
pounas  of  water  from  0®  to  9®,  which  requires  2X9,  or  18  heat  tmits. 
Hence,  we  may  write,  ' 

546  S   »  18 
Therefore,  S  =  18  h-  546  =  .033 

As  given  by  Rontgen,  the  specific  heat  of  variotis  substances  are  as  follows: 

Specific  Heat  of  Various  Substances 

Solids 

Copper 0951 

Wrought  iron 1138 

Glass 1937 

Cast  iron 1298 

Lead. 0314 

Tin 0562 

Steel    /  ^** 11^ 

^^^    \  Hard 1175 

Brass 0939 

Ifce 504 

Liquids 

Water 1. 

Sulphuric  Acid 335 

Mercury 0333 

Alcohol  (nnn) ^ 7 

Benzine . .       .95 

Ether 5034 
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Gases 


Air 

Oxygen 

Hydrogen 

Nitrogen 

Ammonia , 

Alcohol 


Constant 

Constant 

pressure 

volume 

.23761 

.16847 

.21761 

.16607 

3. '09 

2.41226 

AdS 

.17273 

•08 

.299 

.  1534 

.399 

*NOTB. — SpeciAc  heat  of  fOMee,  Experiments  by  Mallard  and  Le  Chatelier  indicate 
a  continuous  increase  ui  the  spednc  beat  at  constant  volume. of  steam,  carbon  dioxide,  amd 
even  the  perfect  gases,  with  nae  of  temperature.  The  variatioii  is  inappreciable  at  212 **  P., 
bat  increases  rapidly  at  the  high  temperatures  of  the  gas  engine  cylinder. 
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CHAPTER  55 
FROM  ICE  TO  STEAM 


In  the  transformation  of  a  pound  of  ice  into  a  pound  of  steam, 
by  the  application  of  heat,  several  changes  take  place,  and  a 
considerable  amount  of  work  is  done  in  effecting  these  changes. 
The  process  may  be  divided  into  several  stages: 

1.  Fusion  of  the  ice; 

2.  Contraction  of  the  water; 

3.  Expansion  of  the  water; 

4.  Evap<»:ation  of  the  water. 

During  this  series  of  changes  the  sabstaooe  has  existed  in  three 
%tates,  that  is, 

1.  As  a  solid. 

2.  As  a  liqtdd. 

3.  As  a  gas. 

5  Ques.    What  is  a  solid? 

Ans.  A  form  of  matter  in  which  the  molecules  lie  dose 
together  with  little  freedom  of  movement,  and  in  which  they 
cannot  be  separated,  except  by  the  application  of  a  definite 
amount  of  force. 

Maxwell  defines  a  solid  as  a  body  which  can  sustain  a  longitudinal  pres- 
sure without  being  supported  by  a  lateral  pressure. 
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Ques.    What  is  a  liquid  ? 

Ans.    A  body  whose  molecules  move  easily  among  themselves 
and  yield  to  the  least  force  impressed. 

AU  liquids  are  fluids,  but  not  all  fluids  are  liquids.  Air  and  all  gases  are 
fluids,  but  they  are  not  liquids  under  ordinary  drcumstanoes^ough  capa- 
ble of  being  reduced  to  a  liquid  form  by  cold  and  pressure.  Water  at  ordi- 
nary temperatures  is  a  liqmd. 


Pig.  3*309. — Diagram  illustrating  the  tri/fle  point,  or  that  Point  in  which  a  substance  can  exist 
in  <M  three  states  {solidt  liquid^  gas)  in  eqnilUirium,  For  example,  there  is  a  certain 
temperature  and  pressure  at  which  water  substance  may  ejost  partly  as  ice,  XMurtly  as 
water,  and  partly  as  vapor,  so  that  the  lower  part  of  a  closed  vessel  containing  the  mixture 
will  be  filled  with  water  in  which  ice  floats,  while  the  upper  part  is  filled  with  saturated 
vapor,  the  pressure  within  the  vessel  being  that  of  the  water  vapor  at  the  temperature  of 
the  mixture.  The  curve  of  maximum  vapor  pressure  is  called  the  steam  line.  When  the 
ice  and  water  are  in  stable  equilibrium,  the  temperature  of  the  mixture  is  that  at  which 
the  solid  melts  under  the  pressure  witiiin  the  containing  vessel.  This  pressure  is  also 
completely  determined  by  the  temperature,  and  the  xelation  connecting  this  may  be 
represented  graphically  by  a  curve  called  the  ice  line.  A  third  curve  called  the  hoar-frost 
line!*  shows  graphically  the  relation  between  temperature  and  pressure  of  a  substance  when 
existing  i>artly  in  the  solid  state  and  partly  in  the  condition  of  vapor.  Evidently  a  substance 
tmder  the  condition  of  temperature  and  pressure  as  indicated  by  F,  the  point  of  intersection 
of  the  three  curves,  or  the  tr^la  point,  can  exist  in  all  the  three  states,  that  is,  as  a  solid, 
liquid,  and  gas. 


♦NOTE. — ^Regnault  concluded  that  in  x>assing  from  the  vapor  of  the  liquid  to  that  of  the 
solid  there  is  no  appreciable  change  in  the  vapor  pressure  curve  and  that  consequently  the 
hoar-frost  line  is  simply  a  continuation  of  the  steam  line.  It  was  later  shown  by  Kerchoff 
that  the  steam  line  and  hoar-frost  line  are  not  continuous,  but  are  distinct  curves,  intersect- 
ing each  other  at  an  angle  as  shown  in  the  figure. 
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Ques.    What  U  a  gas? 

Ans.    A  fluid  which  is  elastic  and  which 
expand  indefinitely. 

A  gas  is  in  nearly  all  cases  under  ordinary  i 
characterized  by  great  transparency  and  such  extreti 
as  to  be  imperceptible  to  touch  when  at  rest. 

Fusion  of  Ice. — In  order  to  transform  a  j 
ice  into  steam,  it  mtist  pass  through  two  chi 
state,  that  is  to  say,  1,  from  a  solid  to  a  liq 
2,  from  a  liquid  to  a  gas.  Heat  is  required 
each  of  these  changes,  being  known  as 
latent  heat,  and  called  respectively:  »«* 

1.  Latent  heat  of  fusion. 

2.  Latent  heat  of  evaporation.  mojoc 

Ques.    What  is  understood  by  the  "°""' 
term  "change  of  state"?  ^^^^ 

Ans.  A  substance  undergoes  a 
"change  of  state"  when  it  changes  from 
a  solid  to  a  liquid,  or  from  a  liquid  to 
a  gas. 

Pig.  3,310. — Cu[iuud  de  La  Tour'a  eiperiinent  iUuatnting  crff fcal  tempxTature.  By  defi- 
nitiiia  the  critical  tempantDTs  is  tkal  umperaiuri  lo  -mhick  a  sai  nuif  be  awled  befirt 
it  ea»  b*  eomtrUd  Mo  a  Utirid  by  prissan,  that  is  to  say.  there  is  e.  temperature  for 
_« ....._... .._ can  be  lipiilied  by  p ..-;.■..     .    .       .... 


be  experimented  upon.    The  space  between  A  and  _ . ,. 

b*  graduated  the  critical  prenure  and  volume  may  be  determined  simultane 
tempeiatorea  the  Tnor  pntsuie  mar  be  less  than  that  caused  by  the  air  in  : 
■mm  of  mercury.  Aa  the  temperatuieot  B.  ii  raised  ths  va^ot  pmauie  iaa 
auraoT  >a  forced  into  the  other  arm  compressinc;  the  air  to  aome  point  A. 
mre  supported  by  the  liquid  at  any  ten^ieratuTe  ii  that  of  the  •ata»><».i  <»r. 
pOBture,  the  formation  of  bubbles  beloi*  the  Burtace  (boilieg)  is  in 

"^ ''-- ^ ■■*' 1.  t-ii: —  .;i,*i —  1. i .. d *BTTain  TV.....,,  ...  „i.p^  _ 

the  liqind  and 


That  li.  the  whole  space  above  the  mercury  in  B,  now  appears  to 
"  •■       ■  ......  .     j^  ^  ^^^ 

,  ., , „..„._—.     ....  ...  jcal  ten 

water  is  ess*  Pahr.)  ammonls,  360°;  carbon  dioode,  S8°;  air.  — SKf;  oiFSen,  - 


-_,„  - .  -     liiw  down  again  a  mist  suddenly  appears  about  iht  middle 

of  the  apfMuentht  enipty  space  and  spreads  rapidly  thnudiout  the  whole  interior  and  sud- 
denly vanubes,  leaving  the  lower  put  of  the  tube  filled  with  liquid.     Thee-'"-  '  " 

hydrogen. 
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Ques.    How  Is  a  change  of  state  effected  i 

Ans.  By  a  transfer  of  heat  to  or  from  the  substances,  accord- 
ing as  the  change  of  state  is  from  a  solid  to  a  liquid  or  gas,  or  from 
a  gas  to  a  liquid  or  solid,  respectively. 

Ques.  Is  the  temperature  of  the  substance  raised  or 
lowered  durhig  a  change  of  state? 

Ans.     No. 


ih  filled  with  BulpburiCBCid,  and  tbc  sir  TemoveSnath  ui  air  pump, 
evaporat**  rapidly  and  begiin  to  boil,  beinB  greatl/  facili- 


tated hy  the  tvlpllvrjc  acid  wbicb  abttoibs  the  vapor  olnioat  as  rapidly  : 
teiDperatiue  ot  the  iraler  a  qufcldy  leduced  and  it  finally  ac"-''''—  •■'— -  "- 
■rhile  in  the  act  of  boilins. 


Ques.    What  Is  fusion? 

Ans.  The  term  "fusion"  signifies  the  change  of  state  of  a  sub- 
stance from  the  solid  form  to  the  liquid  form.  This  is  popularly 
known  as  melting. 
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Ques.    Describe  the  fusion  of  one  pound  of  ice. 

Ans.    If  heat  be  applied  to  the  ice  it  will  gradually  melt,  tmt 
during  the  melting  process  the  temperature  will  remain  un- 


Ques.    Wliat  is  the  heat  called  which  is  required  to 
melt  the  ice? 

Ans.    The  latent  heat  of  fusion. 


on  B  placed  cm  top  ana  the  cymider  d 

-e  uiif  pfeoure  applial  by  the  aatv.     _.  —  , , 

"■"■■"■"         '"le  ball  to  drop  to  the 


The  latent  heat  of  fusion  may  be  defined  as  the  heat  required  ia  B.t.u. 
to  convert  one  pound  of  a  suDstanoe  from  the  solid  to  the  liquid  state 
without  change  of  temperature. 

Ques.    How  much  heat  is  required  to  melt  one  poimd 
of  ice  at  32"? 

Ans.     143.57  heat  units. 
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Professor  Wood  comidera  144  lieat  units  (Bj.u.)  as  the  most  reliable 
value  for  the  latent  heat  of  fusion  of  ice.  Pearson  gives  142.05.  Tbe 
United  States  Bureau  of  Standards  (1916)  g^vee  it  as  143.67  BJm. 

Oues.    What  name  Is  given  to  the  temperature  at  which 
fusion  takes  place? 

Ans.    The  melting  point. 

Ques.    Upon  what  does  the  melting  point  depend? 

Ans.     Upon  the  pressure. 


Fio.  3313-~^'^A'f^ili"  <>P?'^^^  ^  '""^""g  a  Bnowboll  illuatiatlag  rvffflfallDR.  When  the  imow 
i»  paclced  tosEther  with  the  luuids.  the  pnsaiue  thus  apidied  lomas  ikejrmint  poiiU 
uid  lome  of  tlie  snov  mdte.  On  removins  tbe  prtMure  the  mter  foitned  n-bHei,  that  ia 
lEgeUtion  tslces  place  and  the  Ics  finnljr  Mnda  toasther  the  "bkll."  When  the  nunr  ii  too 
cold  it  will  not  bmd  ualew  very  heavy  pnsiun  be  applied. 

Ice  melts  at  32°  F.  at  ordinary  atmospheric  pressure,  and  water  freezes 
at  the  same  temperature.  At  higher  pressures  the  melting  point  of  ice, 
or  the  freezing  point  of  water,  is  lower,  being  at  the  rate  M  .0133°  P. 
for  each  additional  atmosphere  of  pressure. 

The  lowering  of  the  freezing  point  of  water  by  pressure  or,  as  it  may  be 
put,  the  melting  of  ice  tmder  pressure  explains  many  phenomena  whidi 
would  otherwise  De  very  puzzling.  The  melting  of  ice  imder  pressure,  and 
re-solidification  when  the  pressure  is  removed,  presents  iteelf  in  many 
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ordinary  occurrences,  for  instance,  the  wheel  track  of  a  heavy  cart  in  snow 
is  generally  sheeted  with  a  plate  of  dear  ice.  The  snow,  if  not  too  cold, 
mdts,  or  partially  melts  uncler  pressure  of  the  wheel  and  solidifies  again 
into  transparent  ice  as  soon  as  the  pressure  is  removed. 

The  same  process  takes  place  in  the  making  of  a  snowball.  If  the  snow 
be  near  the  melting  point,  the  pressure  of  the  hand  is  sufficient  to  squeeze 
it  into  a  compact  partially  solidified  mass.  When  the  snow  is  squeezed 
between  the  hands,  melting  occurs  at  the  points  of  greatest  pressure,  and 
solidification  follows  as  soon  as  the  resulting  liquid  is  relieved  of  thepressure. 

If  the  snow  be  much  below  the  freezing  point ,  however,  the  presstire  of  the 
hand  will  not  be  sufficiently  great,  and  tibe  ball  will  not  "make." 

Surf  usion. — Some  liqtiids  are  in  an  unstable  condition  at  the 
freezing  point;  that  is,  a  liquid  which  crystallizes  in  solidifying, 
may  be  carefully  and  slowly  cooled,  be  reduced  to  a  temperature 
much  below  the  freezing  point,  without  solidification  taking 
place. 

If  the  over  cooled  liquid  be  disturbed,  or  a  small  piece  of  the  crystalized 
solid  be  placed  in  contact  with  it,  soUdification  at  once  sets  in  and  continues 
until  the  temperature  rises  to  the  normal  freezing  point.  This  peculiar 
behavior  which  was  discovered  by  Fahrenheit  in  1724,  is  called  ^'sur- 
fusion;"  he  found  that  a  glass  bulb  filled  with  water  and  hermetically 
sealed,  remained  at  a  temperature  considerably  below  the  freezing 
point  without  solidification  taking  place,  but  that  on  breaking  off  the 
stem,  solidification   rapidly  set  in. 

Ques.  What  important  change  takes  place  during  the 
melting  of  ice? 

Ans.    It  decreases  in  volume. 

The  relative  volume  of  ice  to  water  at  32®  P.  is  as  1.0855  to  1;  that  is, 
the  space  occupied  by  one  pound  of  ice  is  8.55  per  cent,  greater  than  that 
occupied  by  one  poimd  of  water  at  the  same  temperature.  Specific  gravity 
of  ice  =  .922^  water  at  62**  F.  being  1. 

Ques.    Why  is  this  change  of  volume  important? 

Ans.  Because  of  the  precautions  which  must  be  taken  with 
apparatus  in  which  water  is  used,  to  prevent  damage  in  case  of 
freezing  when  not  in  use. 
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When  water  freezes,  the  increase  in  volume  will  take  place  against  almost 
any  force  however  great,  as  exemplified  in  the  bursting  of  exposed  water 
pipes  in  cold  weather.  Thus,  water  pipes  burst  when  the  temperature  is  a 
few  degrees  below  32^,  although  it  requires  a  pressure  of  about  14,000 
pounds  per  square  inch  to  burst  an  ordinary  pipe. 

The  Work  of  Fusion. — In  order  to  change  the  state  of  a 
substance  work  must  be  done,  that  is  to  say,  a  transfer  of  heat 
must  take  place.  As  already  stated,  it  requires  143.6  heat 
units  to  melt  one  potmd  of  ice  *'£rom  and  at  32°  F."  One  heat 
unit  has  been  found  by  experiments  to  be  equivalent  to  777.5 
foot  potmds  of  energy,  and  accordingly  the  work  done  dtuing 
the  fusion  of  the  ice  is 

777.5X143.6  =  111,649  ft.  lbs. 

that  is  to  say,  111,649  foot  potmds  is  expended  in  melting  one 
potmd  of  ice  from  and  at  32®  F.  This  expenditure  of  energy 
consists  of 

1 .  The  internal  work  of  fusion; 

2.  The  external  work  of  fusion. 

The  internal  work  represents  the  energy  expended  in  chang- 
ing the  crystalline  structure  of  the  solid  to  that  corresponding  to 
the  liquid  state,  and  in  amount  is  equal  to  the  total  work  of 
fusion  minus  the  external  work;  that  is, 

internal  work  =  total  work  —  external  work 

The  external  work  is  the  work  done  by  the  atmosphere 
during  the  change  of  volume  which  takes  place  during  fusion. 
It  is  calculated  as  follows:  1  cubic  foot  of  water  at  32^  F. 
weighs  32.42  pounds,  hence  the  volume  of  1  pound  of  water  at 
the  same  temperature  =  1,728  4-  62.42  =  27.68  cubic  inches. 
Now  the  volume  occupied  by  1  pound  of  ice  at  32®  F.  is  as 
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given  in  fig.  3,314 
30.067  cubic 
inches,  and  the 
difference  in  vol- 
ume is  30.067  — 
27.68-2.387 
cubic  inches;  that 
is,  assiuning  the 
ice  to  be  of  a  cube 
1  square  inch  in 
cross  section  and 
30.067  inches 
long,  its  length 
decreases  2.387 
inches  during 
fusion,  and  the 
pressure  of  the 
atmosphere  (14.7 
pounds  per 
square  inch)  has 
acted  through  the 
distance,  accord- 
ingly   the    work 


I  a  lonflcyUnder 
1  iq.  in.,'  the 


™  .,„ ..V— '  •nd  27.68  101. ,  reipectivelj'.    Now  the  picssun  of  the  air 

prHnnc  down  on  the  in  and  wsUr  is  U.7  pounds,  u  repnsented  br  the  puton  tuidBTiowi. 
^Mict,  durios  fiiBon  of  the  ic«  the  eitenuU  work  done  by  tha  at *■ —  ■- 

{30X107—27.68) 

X  11.7  -  2.B2  ft.  lb 
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done  by  the  atmosphere,  or  the  external  work  of  fusion  =  (2.387 
-5t12)  X  14.7  =  2.92  foot  pounds. 

The  internal  work  =  total  work  —  external  work  =  111,649  — 
2.92  =  111,646.08  foot  pounds. 

Summary — ^Fusion  of  one  pound  of  ice  from  and  at  32®  P. 

Total  woric  of  fusion        =         777.5  X  143.6  =  111,649      ft.  lbs. 
External  work  of  fusion  =  (2.387  -5-  12)  14.7  =  2.92  ft.  lbs. 

Internal  work  of  fusion   =      111,646  —  2.92    =  111,649.08  ft.  lbs. 

Contraction  and  Expansion  of  the  Liquid. — If  additional 
heat  be  applied  to  the  pound  of  ice  which  has  just  been  trans- 
formed into  water  at  32°  P.  its  volume  will  contract  until  the 
temperature  has  been  raised  to  39.1  **  F. 

Ques.    What  is  this  point  called? 

Ans.    The  point  of  maximum  density. 

Ques.    What  should  be  noted  about  this  point? 

Ans.  Water  at  its  point  of  maximum  density  (39.1**  F.)  will 
expand  as  heat  is  added,  and  it  will  also  expand  slightly  as  the 
temperature  falls  from  this  point. 

Ques.  How  does  the  water  behave  on  increasing  its 
temperature  above  39.1°? 

Ans.     It  expands  as  its  temperature  is  raised. 

Ques.    What  is  the  point  of  least  density? 

Ans.     The  temperattire  at  which  steam  begins  to  form. 


♦NOTE. — ^These  figures  show  that  the  external  work  of  fusion  is  extremely  small  as  com- 
pared with  the  internal  work.  It  should  be  remembered  that  in  fusion  the  external  work 
represents  an  amount  of  work  done  by  the  atmosphere  on  the  substance  undergoing  a  change  of 
state,  and  should  be  noted  that  this  is  just  the  opposite  to  what  happens  in  evaporation,  in 
which  case,  the  external  work  of  evaporation,  as  will  be  shown  later,  rcproaents  an  amount 
of  work  dene  by  the  substance  undergoing  a  change  of  state  upon  the  atmosphere. 
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STEAM 


The  average  person  has  a  very  vague  idea  of  the  meaning^ 
of  the  word  steam.  It  may  be  defined  as  the  vapor  of  water; 
the  hot  invisible  vapor  given  oflE  by  water  at  its  boiling  point. 
The  visible  white  cloud  popularly  known  as  steam  is  not  steam  ^ 
but  a  collection  of  fine  watery  particles,  formed  by  the  condensation 
of  steam. 

It  is  important  that  those  who  install,  or  have  charge  of  boilers,  should 
have  some  knowledge  of  the  nature  of  steam,  its  formation  and  bdiavior 
imder  various  conditions.  This  knowledge  should  be  possessed  not  cmly 
that  the  plant  may  be  intelligently  installed  and  properly  operated,  but  the 
person  thus  engaged  should  be  stufidently  interested  in  his  occupation  that 
he  be  desirous  of  knowing  all  about  the  important  medivim  he  has  to  deal 
with. 

*   There  are  several  kinds  of  steam: 

1.  Wet  steam. 

2.  Saturated  or  dry  steam. 

3.  Superheated  steam,  sometimes  called  gaseous  or  steam  gas. 

Ques.    What  is  wet  steam  ? 

Ans.  Steam  of  a  temperature  corresponding  to  its  pressure 
and  having  intermingled  mist  or  spray. 

Ques.    What  is  saturated  steam? 

Ans.    Steam  having  a  temperature  corresponding  to  its  pressure, 

Ques.    What  is  dry  steam? 

Ans.     Saturated  steam,  or  superheated  steam. 

The  term  dry  steam  is  commonly  used  as  the  opposite  to  wet  steam, 
the  term  is  objectionable  in  that  it  does  not  fully  define. 


L 
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Ques.    What  is  superheated  steam? 

Ans.  Steam  having  a  temperature  higher  than  that  oorre- 
sponding  to  its  pressure. 

Ques.    What  is  gaseous  steam,  or  steam  gas? 

Ans.    An  objectionable  term  for  highly  superheated  steam. 

The  Formation  of  Steam. — ^When  heat  is  transferred  to 
water,  at  its  point  of  maximum  density,  it  expands  as  before 
stated,  and  continues  to  do  so  as  the  temperature  rises  until  a 
point  is  reached  where  there  is  no  further  rise  of  temperature. 
This  is  the  temperature  at  which  a  second  change  of  state  takes 
place;  that  is  to  say,  the  original  potmd  of  ice,  which  has  already 
been  changed  into  water,  is  now  changed  into  a  pound  (weight 
not  pressure)  of  steam.  The  temperature  at  which  this  change 
takes  place  is  called  the  bailing  point. 

Ques.    Upon  what  does  the  boiling  point  depend? 

Ans.    Upon  the  pressure. 

Ques.  What  is  the  boiling  point  of  water  at  atmos- 
pheric pressure. 

Ans.    212^  P. 

Corresponding  to  14.7  lbs.  absolute  pressure,  or  29.92  inches  of  mercury 
(Marks  and  Davis) , 

Ques.  What  is  the  pressure  of  the  atmosphere  at  sea 
level? 

Ans.     14.75  pounds  referred  to  a  30-inch  barometer. 

Ques.    How  does  the  pressure  of  the  atmosphere  vary? 

Ans.    With  the  elevation,  temperature  and  humidity. 

When  the  barometer  reads  30  inches  at  sea  level ,  the  pressure  of  the  air 
is  14.75  pounds  per  square  inch;  at  M  of  a  mile  above  sea  level  it  is  14.02 
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potmds;  at  H  mile,  13.33;  at  H  mile,  12.66;  at  1  mile,  12.02;  at  IH  mile, 
11.42;  at  1^  mile,  10.88;  and  at  2  miles,  0.8  x>ounds  per  square  inch. 

Latent  Heat. — ^When  water  at  atmospheric  pressure  has  been 
heated  to  212**  F.,  no  further  expansion  takes  place  while  it  is  in 
the  liquid  state,  although  the  supply  of  heat  be  continued. 
Moreover,  its  temperature  remains  stationary,  and  considerable 
heat  must  be  added  to  the  liquid  to  transform  it  into  steam,  this 
is  known  as  the  latent  heat  of  vaporization,  and  may  be  defined 
as  the  amount  of  heat  necessary  to  convert  one  pound  of  the  liquid 
at  the  boiling  point  into  saturated  steam  of  the  same  temperature » 

Vaporization. — ^This  is  the  change  of  state  of  a  substance 
from  the  liquid  to  the  gaseous  form,  which  takes  place  throughout 
the  mass  of  the  liquid. 

Ques.    How  is  the  vapor  formed? 

Ans.     Both  by  evaporation  and  by  boiling. 

In  the  first  instance,  the  change  takes  place  at  the  surface  of  the  liquid 
only,  and  in  the  second  instance,  it  proceeds  over  the  heating  surface. 

Ques.    Describe  in  detail  the  process  of  boiling. 

Ans.  When  heat  is  applied  to  a  liquid  such  as  a  quantity  of 
water  in  a  boiler,  the  lower  layers  are  first  warmed.  These 
expand  and  rise  to  the  top,  their  place  being  taken  by  the  colder 
layers  from  above,  and  by  this  process  the  mass  is  warmed 
through.  The  air  which  is  contained  in  the  water  expands  as 
the  temperature  is  raised ,  and  rises  to  the  top .  Thp  temperature 
of  the  lower  layers  in  time  becomes  raised  up  to  slightly  above 
the  atmospheric  boiling  point,  212®  F.,  and  steam  is  formed, 
as  bubbles  adhering  to  the  heating  surface ;  these  bubbles,  by  expan- 
sion, become  large  oiough  to  detach  themselves  and  rise  into  the 
colder  layers  above.    On  reaching  the  colder  layers,  they  condense 
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and  their  sudden  collapse  sets  up  vibration  in  the  water  which  is 
.  communicated  to  the  metal  of  the  containing  vessel,  causing  the 
familiar  "singing"  heard,  at  this  stage,  and  the  steam  which 
■composes  the  bubbles  gives  up  its  latent  heat,  thiis  warming  the 
■water  until  the  whole  mass  is  at  the  boiling  point. 


if  taporltatlon  or  procsu  oC  boitine  tu  deicribed  in  ths  ■< 

When  this  stage  is  reached  the  steam  r 
into  the  atmoqdiere  and  the  "singing"  cease 
boiling. 

Ques.    Why  Is  the  temperature  of  the  steam  bubbles, 
:as  they  form  on  the  beating  surface,  slightly  above  212°  F.  i 

Ans.     Because  the  pressure  at  the  bottom  of   the  vessel  is 
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greater  than  the  atmospheric  pressure,  being 
equal  to  the  latter  plus  the  pressure  due  to 
the  head  of  water  in  the  boiler. 

The     Work     of     Vaporization.— The 

amount  of  work  that  is  done  in  making  one 
pound  of  steam  at  atmospheric  pressure  from 
one  pound  of  water  at  a  temperature  of  32*^ 
F.  may  be  divided  into  three  separate  and 
distinct  stages. 

STAGE  1. — The  work  to  raise  the  tempera- 
ture of  the  water  from  32''  to  ei^"". 

STAGE  2. — The  work  required  to  bring 
the  water  to  the  point  of  vaporization, 

STAGE  3. — The  work  required  to  make  room 
for  the  steam  against  the  pressure  of  the  atmos^ 
phere  or  surrounding  medium. 

STAGE  1.— The  Sensible  Heat.— In  stage 
1  of  the  preceding  paragraph,  the  work  re- 
quired to  raise  the  temperature  from  32°  to- 
212**  is  represented  by 

212°— 32 ''  =  180°,  or  180  heat  units. 

since  the  amount  of  water  is  one  pound. 
This  is  called  the  sensible  heat,  as  dis-^ 
tinguished  from  the  latent  heat,  because  it 
is  recorded  by  a  thermometer,  and  is,  there- 
fore, sensible  to  the  touch.    Since  a  heat 


Pig.  8,816.— flfTXG*  1:  the  sensible  heat.  To  raise  the  temperature  from  32  •  to  212  •  requires 
212— 32-180  heat  units. 


1,794 


FROM  ICE  TO  STEAM 


tinit  may  be  expressed  by  the  mechanical 
eqtiivalent  (778  foot  pounds)  the  sensible 
heat,  or 

180  heat  units  =  180X778  =  140,040  ft.  lbs. 

STAGE  2— The  Latent  Heat.— Stages  2 

and  3,  as  given  above,  comprise  the  work 
corresponding  to  the  latent  heat  of  steam,  of 
which  stage  2  is  the  internal  latent  heat  and 
stage  3  the  external  latent  heat. 

The  Internal  Latent  Heat. — To  tmder- 
stand  just  what  the  internal  latent  heat  is, 
consider  a  pound  of  water  at  a  temperature 
of  212**  throughout;  suppose  the  water  to 
be  in  a  beaker  and  placed  over  the  flame  of 
a  bunsen  burner. 

The  heat  now  being  added  to  the  water 
will  cause  small  bubbles  of  steam  to  form  on 
the  heating  surface,  and  since  these  are 
formed  at  a  pressure  a  little  greater  than 
that  of  the  atmosphere  (because  of  the  head 
of  water)  the  temperature  of  the  steam  thus 
formed  is  a  little  higher  than  that  of  the 
water. 

Each  bubble  first  appears  as  a  very 
minute  globule,  which  expands  imtil  its 
buoyancy  overcomes  the  tension  with  the 
heating  surface,  when  it  detaches  itself. 


Pig.  3,317. — Stage  2;  the  internal  latent  heat,  or  the  amount  of  heat  which  must  be  given  to 
the  water  at  212  **  before  steam  begins  to  form. 
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During  its  upward  course  toward  the  surface  of  the  water, 
the  lesser  temperature  of  the  water  causes  it  to  condense  and  in 
so  doing  it  gives  up  its  latent  heat  to  the  mass  of  water. 

This. process  continues  until  the  water  has  absorbed  8^7.6  heat  units, 
at  which  time  the  bubbles  of  steam  begin  to  break  through  the  surface  of  . 
the  water  and  detach  themselves  therefrom.    Up  to  this  p6int,  as  stated,  • 
the  w^ter  has  absorbed  897.6  heat  units  at  212°,  known  as  the  internal 
kUent  heatf  which  is  represented  in  work  as 

897.6  X  778  -  698,332.8  ft.  lbs. 

It  should  be  noted  at  this  point,  that  it  requires 

698,332.8  ^  140,040  »  4.96 

times  as  much  work  or  its  equivalent  in  heat  units  to  bring  water  at  212^ 
to  the  critical  point  where  vaporization  begins,  as  it  does  to  heat  it  from 
32  to  212  ^ 

The  External  Latent  Heat. — ^When  vaporization  begins, 
that  is  to  say,  when  the  liquid  has  received  sufficient  heat  so 
that  the  steam  bubbles  formed  on  the  heating  surface  are  able 
to  reach  the  upper  surface  and  discharge  the  contained  steam, 
work  is  done  in  pushing  back  the  atmosphere  against  its  pressure 
to  make  room  for  the  steam.  In  order  to  do  this  work,  each 
steam  bubble  must  contain  a  corresponding  amount  of  heat, 
which  is  known  as  the  external  latent  heat  as  distinguished  from 
the  internal  latent  heat, 

I 

The  work  done  by  the  steam  in  making  room  for  itself  against  the 
pressure  of  the  superincumbent  atmosphere  (or  steam  if  enclosed  in  a 
vessel)  is  called  the  external  work  of  vaporiiotion. 

In  order  to  determine  the  value  of  the  esctemal  latent  heat,  it  is  necessary 
to  compute  the  external  work  of  vaporization,  from  whidi  the  external 
latent  heat  is  easily  found  by  means  of  the  mechanical  equivalent  of  heat . 

The  External  Work  of  Vaporization. — In  the  formation  of 
steam,  external  work  must  be  done  in  pushing  away  the  atmos- 
phere, which  exerts  a  pressure  of  14.7  pounds  per  square  inch 
upon  the  water,  to  make  room  for  the  steam. 


I,7d6 


FROM  ICE  TO  STEAM 


STAGE 

3 

ill 

1 

Wi^^i- 

^^ 

t' 

' 

O 

UJ 

V                                      V 

< 

►- 

c 

■.-;            /"■ 

-I 

z 

to 

£ 

it 
O 

:•■.                y. 

y  U  o 

1 

5Sis 

o 

a  PI  z 

9! 

UJ,0 

«5g 

i 

'  i 

§ 

? 

1- 

O 

'  < 

w 

E 

j_ 

Xs 

^ 

MMpliMIM 

_L 

Si/(f 

t 

[».—StafftillitizurKallateiUlii 
onvertcd  into  woHc  by  the  st«a 


cepted  calculati 

lating  thii  irark  is  to  conader 
of  the  piitoa  equal  to  the  distai 
bottom  of  tho  cylinder  and  the 
feet  which  would  ffve  for  the 


the  eitemal  work  of 
Is  that  it  is  wrona  ia 
loa  .method  of  ^cu- 


waUr  U 
^the  Air  > 


author  holds  that 
oi  Lae  jHAion  Tvfermi  to  ■ 
r  lenl  pTes  the  true  displnce- 
and  IS  accordiog^y  the  PTDper 
^  the  eil«mal  work.  It  must 
since  the  ^ter  already  eziated 


ba^isfor 
be  evident  i 

at  the  begii- „ 

phere  was  alread;  displaced  to  the 
volume  occufMed  by  the  wat^r.  a 

Uiis  displacanent  must  - 

contrib-jting  to  the  external  work  done  by 
■team  durioB  itB  formation.  Calculating 
this  basis,  the  extemal  work  equals 

141X14-7  X26.T733-5fl,8T3.72  ft.  :bs. 
beiiifl  Uss  than  the  amount  M  ordinal^  cal 
latedby 


t  of  error  (35.36  ft.  lbs. 
ilation,  though  very  ■ — 
-     -----Jly  wfcei 


-36.36  ft.  lbs. 

lbs.)  of  thi 


in  foot  pounds- 

8G.3G +777.62  -  MSS  BJm. 
and  the  tbermal  equivajaat  of  tbe  eitemal 

£6,073.73+777.63  -73.80  5  J.u. 
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Now,  the  volume  of  one  pound  of  water  at  212^  (atmospheric  pressure) 
is  28.88  cubic  inches,  and,  if  this  water  be  placed  in  a  long  cylinder,  as  in 
fig.  3,317,  having  a  cross  sectional  area  of  144  square  inches,  it  will  occupy 
a  depth  of  .2  indi  or  .0167  foot.  If  a  piston  (assumed  to  have  no  weight 
and  to  move  without  friction)  be  placed  on  top  of  the  water,  as  in  fig. 
3,317  and  heat  be  applied,  vaporization  will  begin,  and  when  aU  the  water 
has  changed  into  saturated  steam,  the  volume  has  increased  to  26.79 
cubic  feet,  as  in  fig.  3,318,  that  is  to  say,  the  volume  of  one  pound  of 
saturated  steam  at  atmospheric  pressure  is  26.79  cubic  feet. 

Since  the  area  of  the  piston  is  1  square  foot,  the  linear  distance  from  the 
bottom  of  the  cylinder  to  the  piston  is  26.79  feet,  but  the  ^ston  has  not 
moved  this  distance.  The  initial  position  of  the  piston  being  .0167  foot 
above  the  bottom  of  the  cylinder,  its  actual  movement  is  26.79  —  .0167  = 
26.7733  feet. 

Accordingly,  the  e3i:temal  work  done  by  the  steam  in  moving  the  piston 
against  the  pressure  of  the  atmosphere  to  make  room  for  itself  is, 

zsarea  piston  X  pressure  of  atmosphere  X  movement  of  piston  =    external  work 
144sq.ins.X  14.7  lbs.  X       26.7733  ft.        =66,673.72  ft.  lbs. 

The  Total  Heat  of  Saturated  Steam. — In  transforming  one 
pound  of  water  into  saturated  steam  at  atmospheric  pressure  the 
amount  of  heat  to  be  supplied,  as  already  shown,  may  be  tabu- 
lated as  follows: 

Stage  1. — ^The  sensible  heat  required  to  raise  the  temperature 

of  the  water  to  the  boiling  point 180      B.t,u. 

Stage  2. — ^The  internal  latent  heat  absorbed  by  the  water  at 

212®  before  a  change  of  state  takes  place 897.51  ***** 

Stage  5. — ^The  external  latent  heat  required  for  the  work  to 

be  done  on  the  atmosphere 72.89  ****** 


1,150.4 


u  u  u 


The  sum  of  these  three  items,  is  known  as  the  total  heat  above 
S^  F.,  this  temperature  being  taken  as  the  starting  point. 

Expressed  as  an  equation. 

Sensible  heat  +  internal  latent  heat  +  external  latent  heat  =     total  heat 
180        +  897.51  H-  72.89  =  1,150.4  B./.f«- 
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The  Boiling  Point. — ^Water  in  an  open  vessel  boils  at  a  tem- 
perature of  212°  P.  when  the  barometer  reads  30  inches.  Now, 
if  the  vessel  be  closed,  and  the  supply  of  heat  be  continued, 
the  pressure  of  the  steam  will  gradually  rise,  and  the  tempera- 
ture of  the  liquid  also;    that  is  to  say,  the   boiling  point  is 


, jnfiB.a.aift. 

Lt  0  pouiida  mboolute  prciAun) 


wUch  mter  boili  depend* 


elevated  above  212°  when  the  pressure  is  increased  above 
14.7  pounds,  there  being  a  definite  temperature  or  boiling  point 
corresponding  to  each  nalue  of  pressure;  in  other  words,  there 
is  one  temperature  only  for  steam  at  any  given  pressure;  at 
any  other  pressure,  the  temperattu-e  has  some  other  value,  but 
always  fixed  for  that  particular  pressure. 
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Que9.  Wfarai  vaporization  takes  place  in  a  closed  vesoel 
what  happens  if  the  temperature  rise  ? 

Ans.  The  pressure  rises  until  equilibrium  between  tempera- 
ttu^  and  pressure  is  re-established. 

Ques.    If  the  temperature  be  lowered,  what  happens? 

Ans.  Condensation  takes  place  and  the  pressure  decreases 
until  equilibrium  is  re-established  between  temperature  and 
pressure. 

Ques.    What  is  condensation? 

Ans.  The  change  of  state  of  a  substance  from  the  gaseous  to 
the  liquid  form. 

Ques.    What  causes  condensation? 

Ans.  A  reduction  of  temperature  below  that  corresponding 
to  the  pressure. 

Ques.    What  happens  when  steam  condenses? 

Ans.  The  water  from  which  the  steam  was  formed  originally 
contained  a  small  percentage  of  air  mechanically  mixed  with  it, 
and  this  air  does  not  re-combine  with  the  water  of  condensation, 
but  remains  liberated — in  the  case  of  a  steam  heating  plant  in 
the  pipes. 

Thus  the  necessity  for  air  relief  valves.  Again  in  the  case  of  a  condensing 
engine,  the  liberated  air  must  be  removed  rrom  the  condenser  in  addition 
to  the  condensate  to  maintain  a  vacuum. 

How  a  Boiler  Makes  Steam. — If  a  pot  filled  with  water,  be 
placed  on  an  open  fire,  as  shown  in  fig.  3 ,321,  it  will  be  noticed  when 
it  boils  that  the  water  heaves  up  at  the  sides  and  plunges  down  in 
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the  center.  This  is  due  to  the  water  being  heated  most  at  the 
sides,  causing  it  to  expand  and  become  lighter.  Consequently, 
it  rises  and  on  reaching  the  surface  is  cooled  somewhat,  which 
causes  it  to  contract,  and  becoming  denser  it  naturally  sinks. 

The  formation  of  steam  takes  place  in  the  water  directly  in 
contact  with  the  pot,  especially  in  the  lower  part  where  the  tem- 
perature of  the  metal  is  highest. 


which  for  a.  time  clings  to  the  metal.  The  size  of  the  bubble  gradually 
increases  by  the  addition  of  more  steam,  formed  from  the  surrounding 
water  until  finally  it  disengages  itself  from  the  metal.  Since  it  is  much 
lighter  than  the  water,  it  quiddy  rises  and  bursts  on  reaching  the  surface, 
aUowing  the  steam  to  escape  into  the  atmosphere. 

In  fig. 3,321  the  natural  circulation  of  the  water  with  a  moderate  fire  is 
up  around  the  sides  of  the  vessel  and  down  in  the  central  part.  If  the  fire 
be  very  hot,  steam  bubbles  will  rise  from  all  points  at  the  bottom  in  such 
quantities  as  to  impede  the  downward  flow  of  the  water,  in  which  case  the 
pot  "boils  over."  This  may  be  prevented  if  a  vessel  of  somewhat  smaller 
diameter  with  a  hole  in  the  bottom,  be  lowered  into  the  pot  as  shown  in 
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fig.  3,322,  fastened  ia  such  a  manner  so  as  to  leave  a  space  all  around  be- 
tween it  and  the  pot.  The  upward  currents  are  then  separated  from  the 
downward,  and  the  fire  can  oe  forced  to  a  greater  extent  than  before 
without  boiling  over.  This  simple  arrangement  is  the  basis  of  many 
devices  for  securing  free  circulation  of  the  water  in  steam  boilers. 


The  importance  of  a  free  circulation  is,  among  other  things,  to  maintain 
the  boiler  at  a  uniform  temperature,  so  as  to  prevent  unequal  .expansion  in 
its  various  parts,  especially  in  boilers  having  thick  plates,  and  also  to 


Pig.  3,322. — Why  &  pot  "bofls  ovsr."  A  beavy  fire  applied  to  the  am 
3,321  win  came  vident  agitationat  t!ieBurf«ceby  tfieunguHpd  cufiei 
with  openings  at  bottnnand  top  bs  inserted  in  the  pot,  aihereshoi 


The  principle  of  circulation  as  applied  to  the  steam  boiler  is 
shown  more  clearly  in  fig.  3,324. 


The  heavier  water  in  A,  consequently  sinks  and  forces  the  less  dense 
wat^inB,  up  into  the  vessel  at  the  top.  A  circulation  or  flow  of  water  is 
thus  produoed  as  indicated  by  the  arrows. 
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At  first  the  water  Sows  slowly,  its  rate  depending  on  the  difference  in 
temperature  between  the  nater  in  the  two  l^s;  when  steam  bubbles  form 
in  B ,  the  circulation  is  greatly  increased  as  the  mucture  of  water  and  steam 
in  B,.is  much  lighter  than  the  water  in  A. 

la  order  to  generate  steam  faster,  it  is  necessary  to  increase  the  heating 
surface.  This  may  be  done  by  extending  the  heated  vertical  leg  B,  into  a 
long  incline,  beneath  which  may  be  placed  three  lamps  instead  of  one,  as 
shown  in  fig.  3,32S.  The  direction  of  the  circulation  is  the  same,  but  its 
rate  is  iacreaaed. 


Pig.  3.323. — Bxperimcnttoshowthe  Imporlanea  ofmculatioii  inhnJeri.  Water  i*  a  bad 
ductor,  uid  receivn  heat  priocipall/  by  coovectirm.  A  test  tube  filled  with  cold  iv 
havina  a  nece  of  ice  placed  in  the  lower  end.  is  heated  at  the  top  u  ahown.  The  w 
will  noo  bojl  at  iti  upper  autface  while  the  tcmperatun  of  the  bottom  ot  the  tube  i> 
nipiedatily  changed. 


>  that  the  heated  water  and  steam  may  rise 
freely,  as  shown  in  fig.  3,326. 

In  a  steam  boiler  the  burning  fuel  is  enclosed  either  by  fire 
brick  or  a  water  jacket  consisting  of  a  double  coating  of  metal 
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1,803 


plates  with  a  space  between  which  is  filled  with  water.  On 
any  type  oj  boiler,  a  considerable  amount  of  the  heat  generated  by 
the  fuel  is  lost. 


ViO.  8,82*.— Circulation  of  water  in  boilers.  As  beat  is  applied  to  the  !*tip  flow**  or  "fber^  B, 
the  water  in  it  expands,  and  beo(miing  less  dense  is  dlq>laced  by  the  colder  and  hMvier 
water  in  the  "down  flow'*  A,  thus  causing  the  water  to  circulate  as  indicated  by  the  arrows. 


FlO.  8.898.— filditied  tube  method  of  obtoining  cuxmlation  of  wat«  m  water,  tube  bwlm. 
in  opmroHon,  the  colder  water  flows  down  in  the  down  flow  tube  A,  and  up  m  VoAuPflaw 
tube  B.  The  inclined  position  of  B ,  prevents  any  steam  bubbles  escaping  tlmnigh  A,  nenoe 
the  steam  bubbles,  graatly  decreasing  the  density  of  the  water  column  m  B.  causes  rapia 
circulation. 
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.V.>r/^10'^^ILI  BERATING 

^-^^T-.v^^  X:V:  ,"^  SURFACE 


PARALLEL 
CONMECTJON 


Fig.  3,326 . — ^Elementary  boiler  illustrating  jtarallel  connection  of  the  tubes.  As  constructed , 
a  boiler  contains  many  up  flow  tubes  B;  to  divide  the  water  into  many  small  streams  and 
present  considerable  heating  surface  to  the  fire  so  as  to  generate  steam  faster.  The  tubes 
are  usually  inclined  15*  to  aid  the  circulation.  In  the  arrangement  here  shown  the  tubes 
are  connected  in  parallel. 


LIBERATING  5URFACL 


-^.o-.-^^-W^r^ 
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3<cQir  0=^»^- f^  -  •»  ft~  ,^ 


^  ^^  V&^ 


.SERIES 
.CONNECTION 


Pio.  3  327 . — ^Elementary  boiler  illustrating  serfos  connection  of  the  tubes.  In  the  arrangement 
the  end  of  one  tube  is  joined  to  the  end  of  the  next,  as  shown.  When  thus  joined  the  tubes  are 
said  to  be  connected  in  series. 
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Factors  of  Evaporation. — ^It  .takes  more  coal  to  generate 
steam  at  high  pressure  than  at  low  pressures,  and  accordingly 
in  the  rating  of  steam  boilers  some  standard  of  evaporation  must 
be  adopted  in  order  to  obtain  a  true  measure  of  performance. 
This  involves  two  items. 

1.  Temperature  of  the  feed  water; 

2.  Pressure  at  which  the  steam  is  generated. 

With  respect  to  the  first  item,  it  must  be  evident  that  more  coal  would 
be  used  in  generating  steam  if  the  feed  water  were  supplied  at  a  4ow  tem- 
perature, say  60®  F,  than  at  a  higher  temperature,  say  150®  P.  and  no 
comparison  of  the  performance  of  two  boilers  working  under  these  con- 
ditions could  be  obtained,  unless  a  factor  were  introduc^  in  the  calculation 
to  allow  for  the  difference  in  temperature  of  the  feed  water.  The  reason 
more  heat  is  required  as  the  pressure  of  the  steam  is  raised  may  be  less 
apparent. 

Ques.  Why  is  more  coal  required  to  generate  steam  at 
a  liigh  pressure  than  at  a  low  pressure? 

Ans.     The  external  work  of  vaporization  is  greater. 

That  is  to  say,  more  work  is  done  in  the  formation  of  the  steam  in  making 
room  for  itself  against  a  high  pressure  than  against  a  low  pressure. 

Ques.    How  is  a  standard  of  vaporization  obtained? 

Ans.  By  finding  the  equivalent  vaporization  ''from  and  at 
2ir  Fahr." 

Ques.  What  is  the  meaning  of  the  term  ^^from  and  at 
212^  Fahr.?'' 

Ans.  It  signifies  the  generation  of  steam  at  212°  P.  from 
water  at  the  same  temperature. 

Ques.    Define  the  term  **f actor  of  evaporation.'* 

Ans.  A  factor  of  evaporation  is  a  quantity  which  when  nttUti" 
plied  by  the  amount  of  steam  generated  at  a  given  pressure  Jrom 


A 
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water  at  a  given  temperature,  gives  the  equivalent  evaporation  Jrom 
and  at  £12''  Fahr. 

Ques.    How  is  the  factor  of  evaporation  obtained  ? 

Ans.  It  is  equal  to  the  difEerence  in  the  heat  in  the  steam  at 
tke  pressure  generated,  and  the  heat  in  the  water  divided  by  the 
latent  heat  of  steam  at  atmospheric  pressure. 

Expressed  as  a  formula: 

.h 

(1) 


in  which        F  bs Factor  of  Evaporation. 

IT  B  Heat  above  32°  Pahr.  in  the  steam  at  given  pressure. 
h  «Heat  above  32®  Pahr.  in  water  at  given  pressure. 
JS^vHeat  above  32°  Pahr.  in  steam  at  atmospheric  pressure. 
A';  B  Heat  above  32°  Fahr.  in  water  at  atmospheric  pressure. 

Formula  (1)  just  giyen  is  expressed  inrthe  simplest  form  as 

^'m2       -(2) 

Here  970.4  =H'  -h*  =1150.4-180  (see  steam  table) 

Example — ^What  is  the  factor  of  evaporation  for  steam  at  200  pounds 
pressure  when  the  feed  water  is  delivered  to  the  boiler  at  a  temperature  of 
150  °  Fahr .  ?  From  the  steam  table,  the  heat  H,  in  the  steam  at  200  pounds 
pressure  =  1,200.2  B.t.u.  The  heat  A,  in  the  feed  water  above  SS°  at  150* 
f'ahr.  is  150— 32«118^./.tt.    Substituting  these  values  in  formula  2 

1,199.2-118^ 
970.4  • 

The  meaning  of  it  is  that  if  a  boiler  were  generating,  say  1,000  pounds  of 
steam  per  hour  at  200  potmds  pressure,  from  feed  wato:  at  150°  Pahr.  it 
would  absorb  the  same  amotmt  of  heat  from  the  fire  as  when  generating 

1,000X1.1121  =1,112  lbs. 

of  steam  **from  and  at  21£^*\  that  is  generating  steam  at  atmospheric 
pressure  from  feed  water  at  212°. 

Ques.    How  is  the  calculation  of  the  equivalent  evapora- 
tion from  and  at  212''  F.  facUitated? 
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Ans.  By  means  of  a  table  giving  the  factors  of  evaporation 
from  various  pressures  and  feed  water  temperatures,  such  as 
is  given  on  p^e  1,808. 

Example. — A  boiler  evaporates  1,000  pounds  of  steam  at  9S  pounds 
gau^  pressure  and  the  feed  vater  is  heated  to  110°.  How  much  steam 
will  it  evaporate /rom  and  al  SlS't 


&  of  openttioa  meatioaed  in 


l,0O0Xl.l4fi-l,145  lb3.  of  steam 

Saving  Due  to  Heating  the  Feed  Water. — In  exhaust  steam 
heating  installations  where  only  part  of  the  steam  from  the 
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engine  is  used  for  heating,  the  tmused  portion  frona  the  engine 
and  also  from  the  auxiliaries  can  be  used  to  advantage  in  heating 
the  feed  water  resulting  in  an  approximate  saving  of  1  per  cent, 
for  each  increase  of  11®  in  the  temperature  of  the  feed  water; 
this  corresponds  to  a  saving  of  .0909  per  cent,  per  degree. 

The  calculation  is  made  from  the  following  formula: 

Saving  by  heating  feed  water  =  tTIT 
in  which 

£r= total  heat  in  1  pound  of  steam  at  the  boiler  pressure. 

A  » total  heat  in  1  pound  of  feed  water  before  entering  heater. 

^'  :=  total  heat  in  1  pound  of  feed  water  after  passing  through  heater. 

Example, — If  the  boiler  pressure  be  80  pounds  gauge,  initial  temperature 
of  feed  water  60®,  and  final  temperature  209®  F.,  what  is  the  saving? 
Referring  to  the  Steam  Table,  the  total  heatiZ",  above  32®  Fahr.  in  steam 
at  SO  lbs.  gauge  is  1,1S5.4  B,tM.    Substitute  the  formula: 

Saving  =  1  185.4^60 "  '^^^^  *^^*  '^'  ^^'^^^^ 

Example. — ^What  is  the  saving  due  to  heating  the  feed  water  from  60** 
to  202®,  when  the  steam  pressure  is  150  pounds  (gauge)? 

From  the  steam  table: 

Total  heat  in  1  pound  steam  at  150  pounds  =    1,195 
Total  heat  in  1  pound  feed  water  at  60®  =        28.08 


also 


Heat  required  to  form  1  potmd  steam 1,166.92 

Total  heat  in  1  pound  feed  water  at  202®  =       169.95 
Total  heat  in  1  poimd  feed  water  at  60®  =        28.08 

Heat  units  saved 141.87 

« 

Since  141.87  heat  units  are  saved,  the  heat  required  to  generate  1  pound 
of  steam  is 

1,166.92-141.87  =  1,025.05 

and  the  percentage  is 

142.87-5-1,025.05  =  13.84% 
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Superheated  Steam. — If  a  closed  vessel  containing  water 
and  steam  be  heated,  the  pressure  of  the  steam  will  gradually 
rise  until  all  the  water  has  been  evaporated.  At  this  point  the 
further  addition  of  heat  will  not  produce  any  appreciable  in- 
crease in  pressure  but  will  cause  a  rise  in  temperature  in  which 
condition  the  steam  is  said  to  be  supefheated^  hence»  superheated 
steam  is  defined  as  steam  heated  to  a  mnperature  above  ihai  due 
to  its  pressure. 

Specific  Heat  of  Superheated  Steam, — ^In  Marks  &  Davis'  work  the 
classical  research  of  R^natilt/publisi^edjn  the  year  1862,  has  beea  con- 
sulted. "^       ' 

"Contrary  to  an  assumption  sometimes  seen  in  the  literature,  his  work 
does  not  even  seem  to  prove  that  the  specific  heat  at  constant  pressure  (Cp)  of 
superheated  steam  is  mde{)endent  of  either  the  pressure  or  the  temperature, 
for  he  made  only  four  series  of  experiments,  and  these  were  all  at  atmos- 
pheric pressure  and  covered  nearly  the  same  temperature  range.  He 
worked  by  the  method  of  mixtures,  injecting  a  known  weight,  first  of 
slightly  superheated  steam,  and  then  of  highly  superheated  steam,  into  a 
OE£)rimeter  filled  with  water  at  room  temperature.  His  computations  are 
in  error  because,  instead  of  weighing  the  cold  water  in  the  calorimeter,  he 
measured  it  volumetrically  in  a  suitable  cast-iron  tank.  His  justification 
of  this  was  that  although,  by  reason  of  the  thermal  expansion  of  the  water 
as  compared  with  that  of  the  tank,  there  was  less  water  by  weight  at.room 
temperature  than  at  O^,,  which  was  his  standard  temperature,  neverthe- 
less, the  fact  (which  he  thought  to  be  true  at  low  as  weU  as  at  high  tempera- 
tures) ,  that  the  specific  heat  of  water  increased  with  the  temperature,  made 
the  water  in  the  calorimeter  more  effective  thermally,  gram  for  gram,  and 
just  about  laade  up  for  neglecting  its  change  of  density.  But  we  now  know 
that  at  room  temperatures  the  specific  heat  of  water  decreases  with  rising 
temperature.  His  data  have,  therefore,  been  recomputed,  using  his  own 
value  for  the  expansion  coefficient  of  his  sheet  iron  tanks  and  modem  data  f  oi 
the  density  ana  specific  heat  of  water.  This  slightly  reduces  each  of  his 
four  values  of  Cp  to  the  following  figures: 


Temp.  Range  (C») 

R's  Value  of  Cp 

New  Value  of  Cp 

Series  1... 
Series  2.. . 
Series  3.. . 
Series  4... 

127.7—231.1 
137.7—226.9 
124.3—210.4 
122.8—216.0 

Mean  of  last  three 

(.46881)1 
.48111 
.48080 
.47963 

(.4655) 
.4769 
.4736 
.4780 

.48051 

.4762 

— From  Marks  and  Davis*  Steam  Tables, 
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Quality  of  the  Steam. — ^There  is  generally  more  or  less 
water  or  moistiire  carried  over  in  steam  from  the  boiler,  depend- 
ing on  the  type,  height  of  the  water,  and  rate  at  which  the  boiler 
is  operated.  For  comparison,  engine  and  boiler  performance 
must  be  reduced  to  a  standard  basis  of  saturated  steam,  hence 
some  means  is  necessary  for  determining  the  quality  of  the  steam. 
This  is  done  by  a  device  called  a  calorimeter;  there  are  three 
types  in  general  use: 

1.  The  barrel; 

2.  The  throttling; 

3.  The  separating. 

The  barrel  calorimeter  was  invented  by  the  Alsatian  engineer,  G.  A. 
Hine.  It  is  an  early  form,  and  though  not  very  accurate,  is  useful  in  rough 
determinations. when  there  is  much  water  present.  With  careful  operation 
it  may  be  relied  upon  to  give  results  withm  2  per  cent,  of  being  correct. 
An  error  of  Vw  pound  m  weighing  the  combined  steam,  or  an  error  of 
J^  a  degree  in  the  temperature,  will  cause  an  error  of  over  1%  in  the 
calculated  percentage  of  moisture. 

The  throttling  calorimeter  is  most  useful  and  convenient  for  percentage 
of  moisture  not  exceeding  3  per  cent. 

The  separating  calorimeter  is  used  when  the  percentage  of  moisture  is 
beyond  the  range  of  the  throttliag  t3rpe.  The  calculation  with  this  instru- 
ment is  quite  simple,  and  tests  show  the  steam  discharged  from  it  to  be 
practically  dry. 

The  Barrel  Calorimeter. — ^This  consists  of  a  barrel  placed 
on  weighing  scales,  as  shown  in  fig.  3,329.  The  barrel  is  partly 
filled  with  a  certain  weight  of  cold  water  and  its  temperature 
ascertained.  A  steam  pipe  from  the  boiler  is  fitted  with  a  valve, 
and  short  length  of  hose  as  shown.  Steam  is  blown  through  the 
pipe  with  hose  outside  the  barrel  until  thoroughly  warmed,  when 
the  hose  is  suddenly  thrust  into  the  water  with  the  valve  still 
op)en.  An  arrangement  is  fitted  to  the  barrel  to  stir  the  water 
and  so  keep  the  temperature  imiform. 
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When  the  water  has  reached  about  110^  the  hose  is  suddenly  withdrawn 
and  the  water  again  weighed. 

Then,  the  heat  lost  by  the  steam  is 

«L4"W  (ti— tt) 

and  the  heat  gained  by  the  water  is 

W  (t,-ti) 

These  two  heats  must  be  equal,  hence  equating  and  solving  for  x. 

W(t,-ti)-W  (t»-ts) 
X  « = 


BARREL  0 


& 


Fig.  3,320. — ^The  barrel  calorimeter.  With  careful  operation  restilts  may  be  obtained  within 
two  per  cent  of  accuracy.  The  barrel  calorimeter  is  useful  in  determining  the  quality  of 
steam  where  there  is  much  moisture  present. 


in  the  above 


X  =  pounds  of  dry  steam  supplied; 

w  =s  weight  of  steam  (wet  or  dry)  blown  in; 

pr= original  weight  of  cold  water; 

L  ss  latent  heat  of  the  steam  at  given  pressure; 

ti  « temperature  of  cold  water; 

tj  =  temperature  of  water  after  addition  of  steam; 

ts  =  temperature  of  the  steam. 


I 


FROM  ICE  TO  STEAM  1,813 

The  percentage  of  moisture— (w—x) -t-wX  100 
Example. — U  a  barrel  or  tank  contains  200  pounds  of  vater  at  a  tem- 
perature of  00°  P.,  and  10  pounds  of  moist  steam  be  added  at  a  pressure  of 
85  pounds  absolute,  thus  raising  the  temperature  of  the  water  to  110*  P., 
irtrnt  is  the  percentaee  of  moisture  in  the  steam?  (Latent  heat  of  steam  at 
SSpounds  pressure  absolute —892.    Temperature  316°). 


s  DP  Sow  fnUiiis  buck  uid  invdins  thcouth  tuperheiitcd 

■W4M.'      -.~  ,_--^— — —  ttanis  xn  attachment  for  conoectin^  the  outlflt  doekIa  with 

the  engtoB  eoodenier  tor  iacnung  the  evaporatintt  ruige.  ateun  m  the  lower  ncioni  of 
tempcntnn  having  Ush  capacity  for  evaponting  moiitiae,  10  poundi  beknr  Mmotpbtn 
evapontiog  i»e«Iy  1%.  It  m  made  of  bimB,  with  H  m.  pipe  union,  lock  nut  (or  noiile, 
cooper  dnn  tabe  with  cock  for  comiectins  with  cMorimclCT  dram,  mercury  g*uce  being 
refbcedvithft  Mm. plug. 

200  (ilO-60)-lQ  (316-110)    „  „  '  ,, 

"■■■  '  ' ' '^s —8.0  pounds  ofdrf  cteam 

(lO-8.iB) -MOXlOO-il  per  cent  of 
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The  Throttling  Calorimeter. — The  principle  employed  in 
the  throttling  calorimeter  is  that  moist  steam  may  be  dried  and 
superheated  by  throttling,  the  degree  of  superheat  depending 
on  the  initial  condition  of  the  steam,  and  degree  of  throttling. 
That  is,  the  total  heat  of  steam  at  high  pressure  is  greater  than 
that  at  low  pressure,  and  on  falling  in  pressure  the  excess  of  heat 
is  spent  in  drying,  and  {if  sufficient  excess)  in  superheating  the 
steam  at  the  lower  pressure. 


Pig.  a .331. ^The  throttling  calonmetei.  Invented  in  1888  by  Prof.  Peabodyi 
is  that  moist  steam  may  bfi  dried,  and  superheated  by  thitittlliij 
;  depending  on  Ihe  condition  of  the  steam  before  f 


.     _,       .       ins,  tht  desne  oi 

iperheat  depending  on  the  condition  of  the  steam  before  throttling.  .Im  mnee  of  the 


A  throttling  calorimeter  as  shown  in  fig.  3,331,  consists  o£  a  chamber 
having  a  reducing  tube  A,  through  which  the  steam  enters,  a  pressure 
regulating  valve  B,  thermometer  well  C,  and  a  cock  D,  connecting  with  a 
U  tube  pressure  gauge.  Steam  is  throttled  through  the  reducii^  tube, 
which  terminates  in  a  Mi-inch  orifice,  and  enters  the  chamber.  The 
pressure  here  is  reduced  to  nearly  that  of  the  atmosphere,  but  the  total 
heat  in  the  steam  before  throttling  causes  the  steam  in  the  chamber  to  be 
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superheated  more  or  less  according  to  whether  the  steam  before  throttling 
was  dry  or  wet.  The  only  observations  required  are  those  of  the  tempera- 
ture and  pressure  of  the  steam  on  each  side  of  the  orifice. 

Example^—'The  total  heat  in  1  pound  of  steam  at  100  potmds  pressure 
absolute  is  1,182  B,t.u.,  and  that  in  1  pound  of  steam  at  20  pounds  absolute 
is  1,151;  if  the  steam  were  allowed  to  expand  from  100  poimds  in  the  steam 
pipe  to  20  potmds  pressure  in  vessel  C,  without  doing  external  work,  the 
heat  tmitshberatedperpound  =  (l, 182— 1,151)  =31.  If  the  steam  in  vessel 
C,  be  at  20  pounds  absolute  pressure,  its  latent  heat  is  954  units.  Weight 
of  moisture  which  the  excess  heat  will  evaporate  will  therefore  be  31  •t-954 
» .032  pounds. 

If,  however,  the  amount  of  moisture  present  were  less  than  this,  then  the 
balance  of  the  excess  heat  would  superheat  the  remaining  steam  above  its 
normal  temperature,  and  the  excess  would  be  shown  by  the  thermometer. 
In  sudi  a  case  the  percentage  of  moisture  may  be  computed  from  the 
formula  given  below.  If  the  moisture  present  be  greater  than  the  excess 
heat  can  evaporate,  then  no  superheating  takes  place,  and  this  calorimeter 
would  not  be  applicable.  It  is,  however,  very  accurate  within  its  range; 
namely,  with  steam  containing  not  more  than  from  2  to  3  per  cent,  of 
moisture,  now  if: 

ti» temperature  of  steam  in  main  steam-pipe: 

t«= temperature  in  vessel  C,  into  which  the  steam  has  been  ex- 
panded to  a  lower  pressxire; 
t»= normal  temperature  of  steam  in  C,  due  to  its  presstire. 

then  the  total  heat  per  pound  of  steam  carried  into  calorimeter  is: 

w=hi-\-xLi 

In  the  calorimeter,  the  heat  in  the  steam  due  to  its  reduced  pressure, 
when  the  moisture  is  just  evaporated  is: 

h,+L, 

and  if  there  be  sufficient  excess  heat  to  superheat  the  steam,  then  the  heat 
required  is 

.48  (t,-t,) 

Then,  hi+xLi=:h,+L,-f-.48  (t,-t.) 

h»-hiH-L»+.48  (U-U) 


or,  «  = 


Li 


The  Separating  Calorimeter. — ^Por  percentages  of  moisture 
beyond  the  range  of  the  throttling  calorimeter,  the  separating 
calorimeter  is  used,  which  is  simply  a  separator  on  a  small  scale. 
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The  construction  of  the  apparatus  is  shown  in  fig,  3,332.  Steam 
irota  the  sampling  tube  enters  the  calorimeter  through  pipe  A, 
and  is  discharged  downwards  into  the  cup  B .  The  course  of  the 
steam  and  water  is  here  reversed,  with  the  result  that  the  water 
is  thrown  outward  through  perforations  in  the  cup  and  collects 


Fig. 3,332.— TbeBeparstingcalarimeUr.  lavanted  by  Prof .  Carpenteri  it  u  used  when  the 
percentages  of  moiMure  in  the  steam  is  beyond  the  range  of  the  throttling  ealorimetet. 
The  calculations  viCh  this  instniment  *n  very  simple,  and  testa  ohow  the  eteiini  dischannd 
fniin  it  to  be  practically  dry. 

in  the  inner  chamber  C,  where  it  is  measured  by  the  gauge 
glass  D. 

The  Bteara  passes  upward  and  then  downward  into  the  outer  chainbcr, 
T^hence  it  escapes  through  a  standard  orifice  E,  into  the  air.  The  apparatus 
is  thus  jacketed  by  the  escaping  steam,  which  is  maJntaired  at  a  hi^  pres- 
sure by  the  throttling  at  E.  A  gauge  at  G,  shows  the  pressure  of  the  steam 
and  the  corresponding  discharge  in  pounds  per  10  minutes.  The  calcula- 
tions with  this  instrument  are  very  simple,  and  tests  show  the  Steam  dis- 
charged from  it  to  be  practically  dry. 
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The  height  of  the  water  in  the  glass  D ,  at  the  begimiing  of  the  test  is  noted 
and  mark^  by  the  gauge,  and  l£e  water  is  again  Drought  to  the  same  level 
at  the  end  of  the  test,  by  opening  cock  M,  and  the  amount  drained  very 
carefully  weighed.  The  results  may  be  calculated  by  the  following  for- 
mula: 

W 


and  the  amount  of  moisture  is 


W+w 


where 


1-x 


x»the  quality  of  the  steam,  or  dryness  fraction; 
Wes weight  of  steam  discharged  through  orifice  E; 
WB  weight  in  pounds  of  separated  water  in  C,  drained  through 
cock  M. 

QIRECTION  OF  STEAM  FLOW 

INCH  CALIBRATED  NOZZLE 
1 


^^•PfPE— ♦§ 


ifcOMM-OFPIPE 


Pig.  3,337. — Stott  and  Pigott  sampling  nozzle.  This  was  developed  due  to  the  lack  of  experi- 
mental data  on  low  pressure  steam  quality  determination.  ,  Mr.  Pigott  says:  "The  ordinary 
standard  perforated  pipe  sampler  is  absolutely  worthless  in  giving  a  true  sample  and  it  is 
vital  that  the  sample  be  abstracted  from  the  main  without  changing  its  direction  or  velocity 
until  it  is  safely  within  the  sample  pipe  and  entirely  isolated  from  the  rest  of  the  steam. 


12 


12 


ac  — 


=  .9469 


12+1^6      12.687 
The  moisture  then  is 

1  -  .9469  =  .0641  lb. ,  or  6.41  per  cent. 


*NOTE. — In  connecting  a  calorimeter,  a  sampling  tube  is  used,  through  .which  a  sample 
of  the  steam  is  taken  from  the  main  steam  pipe.  The  usual  form  of  tube  is  a  V^-inch  pipe 
extending  nearly  across  the  steam  pipe,  open  at  the  inner  end,  and  perforated,  with  small 
holes.  The  quality  of  the  sample  of  steam  will  depend  somewhat  ujxtn  the  location  of  these 
holes.  It  is  practically  impossible  according  to  Prof.  Jacobus  to  obtain  a  true  average  Munple 
of  the  steam  flowing  in  a  pipe. 
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Usual  Amount  of  Moisture  In  Steam  Escaping  from  a 
Boiler. — In  the  common  forms  of  horizontal  tubular  stationary 
boilers,  and  watCT  tube  boilers 
with  ample  horizontal  drums, 
■  supplied  with  water  free,.from 
substances  likely  to  cause  foamr 
ing,  the  moisture  in  the  steam 
■  usually  does .  not  exceed  2% 
when  not  worked  above  the 
rated  capacity. 

Horizontal  tubular  boilers  without 
steam  domes  should  be  provided  nitit 
a  so  called  dry  pipe,  which  will  de- 
liver steam  with  less  moisture. 


conditions  furnish  steam  with  ; 
alight  degree  of  superheat,  the  tube 
pOTtioa  above  the  water  line  acting 


Pic.  3,330, — Compact  form  of  throttling  ealorimetsi.  It  a 
cylinders  Bcrewed  to  a  cap  contaimng  a  thermometer  well. 
by-  ■  {^ugt  vfauKd  in  the  supply  pipe  or  other  convenient  1 

theonfice  A,  uid  expands  to  atmDspheric  pleasure,  its  taTi-,,_- —  —  , 

ineasuie^by  a  thennomeler  placed  m  the  cup  C.     To  prevent  as  tar  u  possible 


beina  supplied 
hrotuing  er'- 


to  this  spaoe  thmugb  the  hole  B.  The  limits  of  moisture  within  which  the  throtuing  ealo- 
rimeter  will  work  aie.  atiea  level,  from  2.H8  percent  at  SO  pounds  BauBepnaiunKadT.17 
per  cent  moisture  at  250 pounds  pressure. 


NOTE,— "The  throttling  steam  ca.u..u„i™,,  .■ 
the  Tratuaaiims,  vol.  i,,  pace  327,  and  its  modificai 
vol.  xvii,,pag6  617!andbyProfeaBorCatpenter,  vol.  lii..  pa«ea 
rimeter  designed  by  Professor  Carpenter,  vol,  xvu.,  page  608;  whi 

results,  when  properly  ban(U>d.  which  may  be  accepUd  aa  accurate  nithin  .5  per  cent'  ^lis 
percentase  ,beiia  computed  on  the  total  quantity  of  the  steam)  lor  the  sample  taken.  The 
possible  CTTor  oc  .fl  per  cent  is  the  agsTegste  of  the  probahle  error  of  careful  observation  and  of 
the  errors  due  to  inaccuracT  of  the  pressure  ^uses  and  thermometers,  to  radiation,  and,  in 
the  caae  ?£  the  throttling  colorUDeter,  to  the  possible  inaccuracy  of  the  figure  .48  for  the  specific 
beat  of  superheated  aCeam,  in  the  pipe  from  which  the  sample  is  taken.  The  practical  impossi- 
bility oCo&l«inin«  an  aocuralo  Bample.  eapeeiallj'  when  the  percentage  o£  moisture  exceeds 
two  or  tb«o  per  cent,  is  shown  in  the  two  papers  by  Profeesor  Jacobus  m  TralKaaums,  vol. 
ivi.,  pai«es  448,  1,017.  .  In  trials  of  the  ordinary  forms  of  horizontal  shell  and  of  water  tube 
boilerv.  ui  which  there  is  a  large  disengaginie  surface,  when  the  water  level  is  carried  at  lecat 

lOiochesbrfowthelevelof  the  steam  oo-'-— ■-'-—"- -:-  —  -«-  ~- . 

founinS,  >nd  when  in  the  case  o{  water  I 
middle  of  the  length  of  the  watH- drum,  t! 
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Somirflng  Nozzle. — The  principle  source  of  error  in  steam 
calorimeter  determinations  is  the  failure  to  obtain  an  average 
sample  of  the  steam  delivered  by  the  boiler  and  it  is  extremely 
doubtful  whether  such  a  sample  is  ever  obtained.  The  two 
governing  features  in  the  obtaining  of  such  a  sample  are  the  type 
ot  aasapUng  nozzle  used  and  its  location. 


Pig.  3.33B-^>rifica  plate  for  throttlinc  calonnwter. 

The  American  Society  of  Mechanical  Engiiieers  Tecommends  a  sampling 
nozzle  nuLde  of  one-half  inch  iron  pipe  closed  at  the  inner  end  and  tbe  in- 
terior portion  perforated  with  not  less  than  twenty  one-eighth  inch  holes 
equally  distributed  from  end  to  end  and  preferably  drilled  in  irregular  or 
«iiral  rows,  with  the  first  hole  not  less  than  one-half  inch  from  the  wall  of 
the  pipe.  Many  engineers  object  to  the  use  of  a  perforated  sampling  nipple 
because  it  ordinarily  indicates  a  higher  percentage  of  moisture  than  is  actu- 
ally present  in  the  steam.  This  is  due  to  the  ^ct  that  if  the  perforations 
come  close  to  the  inner  surface  of  the  pipe,  the  moisture,  which  in  many 
instances  clin^  to  this  surface,  will  flow  into  the  calorimeter  and  cause  a 
lan:e  error.-  Where  a  perforated  nipple  is  used,  in  general,  it  may  be  safe 
that  the  perforations  should  be  at  least  one  inch  from  the  inner  pipe  surface. 

A  sampling  nipple,  open  at  the  inner  end  and  unperforated,  undoubtedly 
gives  as  accurate  a  measure  as  can  be  obtained  of  the  moisture  in  the  steam 
passing  that  end.  It  would  appear  that  a  satisfactory  method  of  obtaining 
an  average  sample  of  the  steam  would  result  from  the  use  of  an  open  end 
imperforated  nipple- passing  through  a  stuffing  box  which  would  allow  the 
end  to  be  placed  at  any  point  across  the  diameter  of  the  steam  pipe. 
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By  definition,  the  term  /uel,  broadly  speaking,  is  any  substance 
whichf  by  its  combination  with  oxygen  evolves  heat.  It  is,  however^ 
generally  ai>plied,  to  thoGe  substances  which  are  in  commoa 
everyday  tise  for  heat  produdng  purposes. 

The  many  kinds  of  fuel  used  for  the  generation  of  steam  nmy 
be  classified: 

1.  With  respect  to  character,  as: 

a.  Natural  fuds; 

Such  as  wood,  ooal«  erode  petrolettm  and  nattital  gas. 

h.  Prepared  fuels; 

Such  as  potrdered  ooal  and  btiquettss. 

c.  By-products  and  end-products  from  industries; 

Sudi  as  bagasss.  tan  bark,  blast  ftsmaoe  gas.  coke  oven  gas,  waste  gases  £rOBi  osomit 
kilns,  open  hearth  furnaces,  etc. 

2.  With  respect  to  their  state^  as: 
rcoai 

Coke 

PSat 

Tar 

Wood 

TSnbark 

Sairduft 

Itegasse 

.Tar,  etc. 


a.  Sdid 


NOTB. — The  methods  of  fixing  the  various  fuels  here  mentioned  are  explained  a*  leagth  ia 
later  dhapters. 
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6..  Liquid 

The  various  liquids  of  the  petroleum  group. 

r     Ofl«     /Natural  gas. 
c.    vjas     \Producer  gas. 

Of  the  various  fuels  here  tabulated,  coal  is  by  far  the  most  extensively 
used.  The  use  of  wood  is  restricted  to  special  and  peculiar  processes  as  the 
necessary  and  increasing  demand  for  its  use  for  structural  and  other  indus- 
trial ptuposes  1ms  nearly  removed  it  from  any  consideration  as  a  fuel. 

Special  processes  and  favorable  local  conditions  are  necessary  before  any 
competition  between  either  fuel  oil  or  of  gases  and  coal  can  exist. 


A.  SOLID  FUELS 

COAL 

The  dark  brown  ot  black  mineral  substance  known  as  coal  is  a 
formation  from  plants  that  flourished  ages  a^o,  oxidation  being 
prevented  by  the  fact  that  they  fell  into  swamps  and  morasses, 
and  became  covered  with  a  protective  layer  of  water.  After- 
wards they  were  entombed  under  billions  of  tons  of  sandstone, 
lim^tone  and  clay.  The  resulting  pressure  and  heat  caused 
the  vegetable  matter  to  assume  the  form  of  coah 

The  store  of  energy  was  not  reserved  during  the  transformation 
period,  this  being  evident  from  the  fact  that  all  plants  will  bum. 

Ques.    How  do  plants  receive  energy? 

Ans.  When  a  plant  is  exposed  to  sunlight  it  has  the  power  of 
chemically  combining  water  with  a  gas  known  as  carbon  mon- 
oxide (chemical  sjrmbol  CO),  the  same  gas  that  is  given  oflE  by 
animals  in  breathing.    While  the  plant  is  able  to  form  the  actual 
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combmation  of  gas  and  water,  the  sun  does  the  actual  work, 
using  some  of  its  energy  in  the  operation. 

The  energy  of  the  sun  in  helping  the  plant  in  its  work  of  chemical  com- 
bination, is  just  as  much  work  and  of  practically  the  same  kind  as  that  put 
fortii  by  a  laborer  in  carrying  a  hod  of  bricks  up  a  ladder,  for  as  the  energy 
expended  by  the  laborer  remains  at  the  top  of  the  ladder,  so  does  the  energy 
expended  by  the  sun  remain  within  the  wood  built  up  by  the  plant  and 
the  sun. 

When  the  wood,  or  the  equivalent,  coal,  is  placed  under  proper  conditions 
of  stif&dent  heat  and  abundance  of  air  supply,  the  wood  returns  to  its  origi- 
nal components,  water  and  carbonic  oxide  gas,  and  the  sun's  energy  that 
has  been  imprisoned  within  the  wood  or  coal  is  set  free  in  the  form  of  heat. 


Ques.    What  are  the  chemical  constituents  of  coal  ? 

Ans.  Carbon,  hydrogen,  oxygen,  nitrogen,  and  inorganic 
matter  that  constitutes  the  ash.  Sulphur  in  the  free  state  is 
sometimes  present  in  coal. 

Ques.  Explain  the  terms  volatile  matter,  fixed  carbon, 
total  combustible,  and  ash? 

Ans.  In  the  language  of  the  chemist,  that  part  of  coal, 
moisture  excepted,  which  is  driven  oflf  when  a  sample  is  subjected 
to  a  temperature  up  to  about  1,750°  P.  is  the  volatile  matter; 
the  solid  carbon  is  the  fixed  carbon;  the  sum  of  volatile  matter 
and  fixed  carbon  is  the  total  combustible,  and  the  part  that  does 
not  bum  is  ash, 

Ques.  What  causes  the  different  heating  values  of 
the  mining  grades  of  coal? 

Ans.  The,  varying  quantities  of  the  chemical  constituents 
and  their  combinations. 

Ques.    Where  is  coal  found? 

Ans.  It  lies  in  horizontal  or  inclined  layers,  being  separated 
by  seams  of  clay  and  frequently  mixed  with  iron  compounds. 
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It  is  found  in  the  geological  formation  commonly  known  as 
the  carboniferous,  and  i%  generally  lies  between  primary  forma- 
tions called  Silurian,  or  sand  stone. 

Glassiflcatlon  of  coaL — ^All  coals  as  already  explained  are 
formed  from  prehistoric  vegetable  growths,  fossilised  by  moisture, 
heat,  presstire  and  time.* 

These  deposits  vary  considerably  in  age,  and  distinct  species  exist  which 
may  be  distinguished  from  one  another  as  well  by  the  physical  structure 
as  by  the  chemical  peculiarities. 

The  coal  which  occurs  above  the  chalk  formation  is  of  comparatively 
recent  origin.  This  is  lignite  or  brown  coal,  which  frequently  contains 
almost  the  entire  structure  of  the  vegetable  matter  from  which  it  was 
formed. 

That  lying  below  the  chalk  is  known  as  bituminous  coal  and  in  it  the  vege- 
table feature  has  disappeared  excepting  in  isolated  cases.  Both  differ  from 
the  anthracite  or  oldest  coal,  from  which  almost  everything  has  disapjpeared 
excepting  the  carbon.  The  approximate  chemical  and  structural  cnanges 
whidi  have  taken  place  are  tabulated  according  to  age  as  follows: 


Substance  Carbon 

Wood  fibre 52-53% 

Peat 58-60% 

Lignite 60-62% 

Brown  coal 65-70% 

Bituminous  coal 70-85% 

Anthracite  coal 86-92% 


Hydrogen       Oxygen 


5-55% 
55-60% 
60-55% 
60-55% 
55-60% 

4-57% 


40-42% 
40-42% 
34-35% 
25-30% 
18-20% 

4-  4H% 


Ques.    Which  is  the  youngest  coal? 

Ans.    Lignite. 


*NOTE. — ^As  evidence  of  the  vegetable  origin  of  coal,  fossilised  trees  are  found  standing 
upright  and  with  their  roots  resting  in  the  seams  of  coal,  also  ferns,  leaves  boughs,  etc.,  either 
wnoUy  or  partially  fossilized  are  found  in  peat  bogs.  It  is  stated  that  several  hundred  diifferent 
species  of  plant  life  have  been  identified  in  and  among[  coal  formations.  These  evidences 
found  in  the  coal  measures,  by  the  comparison  with  existing  forms  of  plant  life,  testify  to  the 
fact  that  the  climate  now  existing  at  those  points  is  materially  changed  trom^that  which  existed 
at  the  time  of  their  growth.  All  such  specimens  which  have  been  found  indicate  that  their 
natural  habitat  was  m  a  vexy  warm,  moist  climate,  and  that  after  falling  were  subjected  to 
various  changes  of  location  due  to  internal  disturbances  of  the  earth,  at  times  being  buried 
imder  the  water,  and  at  other  times,  probably  by  volcanic  action,  elevated  high  above  the 
water. 
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Ques.    Which  18  the  oldest  coal? 

Ans.    Anthracite. 

A  classification  of  the  great  variety  of  coal,  to  be  compre- 
hensive, should  be  made  from  several  points  of  view,  as: 

1.  With  respect  to  density,  as 

a.  Soft  or  so-called  bitummous  coal 

b.  Hard  or  anthracite  coal 

2.  With  respect  to  age,  as: 

a.  Lignite 
h.  Bituminous 
c»  Semi-bituminous 
d.  Semi-anthradte 
e*  Anthracite 

3.  With  respect  to  the  characteristics  of  combustion: 

a.  Caking  or  non-caking 
6.  Long  or  short  flaming 

c.  "White  or  red  ash 

Anthracite  CoaL-^This  is  said  to  be  the  oldest  and  deepest  formation , 
and  is  found  principally  in  the  United  States .  It  is  also  found  in  the  western 
part  of  the  South  Wales  coal  fields;  in  the  neighborhood  of  Swansea;  in 
some  parts  of  Scotland;  to  a  small  extent  in  France;  in  the  South  of  Russia; 
and  in  the  Osnabrilck  district  of  Westphalia,  Germany. 

Anthracite  coal  represents  the  highest  qualit3r  of  fuel  known;  that  is,  it 
is  the  nearest  approach  to  pure  carbon  combustible.  Because  of  difficulty 
in  kindling,  this  coal  for  years  was  considered  too  nearly  Hke  a  rock  to  be 
burned.  It  was  first  used  in  1766  for  blacksmith  work  and  shortly  after- 
ward came  into  considerable  use  for  metallurgical  processes,  but  even  as 
late  as  1812,  it  was  unknown  for  any  large  use  under  boilers. 

Today  the  enormous  demand  for  anthracite  coal  threatens  its  extinction 
within  a  few  years. 

Semi' Anthracite  CoaU — ^In  its  physical  characteristics  and  appearance 


*NOTB. — BitunUiiouB  is  of  Latin  origin,  meaning  containing  or  resembling  bitumen. 
Bituminous  coals  contain  no  bitumen,  the  name  havine  been  applied  because  of  a  misconcep- 
tion of  their  natttre,  due  to  the  resinous  feel  of  certain  kinds.  Anthracite  is  a  word  of  Gieek 
origin,  meaning  carbon  or  coke,  the  fuel  being  so  named  probably  because  it  is  that  which 
contains  the  largest  percentage  of  fixed  carbon. 
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it  closely  resembles  anthracite.    It  is  represented  by  what  is  known  as  Welsh 
anthraate,  and  by  coals  from  a  limited  territory  in  Pennsylvania. 

Semi-anthracite  coals  break  with  a  conchoidal  fracture  and  have  a  Itistrous 
^surface.  They  kindle  with  difGictdty,  are  low  in  volatile  and  hi^  in  fixed 
carbon,  but  have  more  ash  than  the  anthracites  and  somewhat  more  oxygen. 
When  handled  they  soil  the  hands  slightly,  and  are  not  of  great  importaiice 
for  power  plant  use  because  of  the  high  cost  and  small  supply. 


t 


SemUBituminous  CoaU — ^Represented  chiefly  by  the  Cardiff  or  Welsh 
coals  from  the  enormous  fields  of  South  Wales  and  in  the  U.  S.  by  the  rich 
d^x>sits  on  the  slope  of  the  Appalachian  Mountains,  extending  from  Clear- 
fidd  County,  Pa.,  to  the  southern  boundary  of  Virginia,  the  coals  in  tUs 
belt  taking  the  names  of  Pocahontas,  George^s  Creek,  Clearfidd,  etc.  The 
Belgian  coal,  known  as  Demigras,  is  also  of  this  class. 

'  Semi-bituminous  coals  are  among  the  finest  of  fuels  for  steam  making, 
as  th^  give  a  high  heat  value  with  less  difficulty  in  avoidmg  smoke  than 
bitummous  coals.  In  appearance  and  action  they  are  more  like  the  anthra- 
cites than  the  bituminous  coals,  but  contain  more  volatile  matter  than  the 
anthracites.  The  better  grades,  however,  are  almost  free  from  smoke  and 
are  easier  to  kindle  than  the  anthracites.  The  supply  of  these  coals  is  small 
and  the  resulting  high  price  limits  their  xise  for  boilers. 

Bituminous  Coal. — ^This  kind  of  coal  is  found  almost  all  over  the  world. 
The  largest  known  fields  are  in  Scotland,  England  and  the  U.  S.  Most 
bittuninous  coals  are  a  dense  black,  but  in  some  cases  vary  toward  a  brown. 
The  luster  is  resinous. 

The  best  quality  coals  are  soft  and  silky  to  the  feel.  Caking  and  non- 
caking  varieties  have  distinctly  different  characteristics.  The  non-caking 
coals  are  more  like  lignites,  rather  hard  and  brittle  and  will  not  melt  nor 
fuse  together  in  the  furnace  or  when  caked.  They  bum  with  a  yellow  smoky 
flame  and  are  good  for  gas  producers.  Caking  coals  when  thrown  into  the 
furnace  swell  and  fuse  into  a  mass  which  must  be  broken  up  occasionally  to 
sdlow  the  fire  to  get  through  it.  These  are,  however,  rich  in  volatile  matter 
and  bum  with  a  long  yellow  smoky  flame  which  makes  it  difficult  to  avoid 
making  smoke  when  using  them,  particularly  after  green  coal  has  been 
thrown  on  the  fire. 

Because  of  the  wide  variation  in  the  composition  of  bituminous  coals,  the 
furnace  should  be  adapted  to  a  particular  variety  to  get  the  best  results. 

With  bituminous  coals  not  only  must  the  furnace  be  properly  designed, 
but  the  firing  should  be  properly  done  to  secure  smokeless  and  efficient 
combustion. 
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Cannel  Coal. — ^This  variety  of  bituminous  coal  is  found  in  the  Midlands 
of  England,  and  in  the  U.S.  It  is  used  prindpaUv  for  makiTig  illuminating 
gas  and  for  domestic  purposes.  It  is  a  variety  of  bituminous  coal  very  rich 
m  hydrogen. 

In  appearance  this  coal  differs  from  all  others .   Its  structure  is  more  nearly 

tmiform  than  others,  being  a  compact  mass,  varyi^  ixom.  brown  to  blade 

in  color,  and  having  usttally  a  dull  resinous  luster.   When  brokui  it  does  not 

usually  preserve  any  distinct  order  of  fracture^  and  is  liable  to  split  in  any 

direction. 

Being  very  rich  in  hydrocarbons  it  is  well  adapted  for  gas  producers,  the 
preference  being  in  those  coals  in  which  hydrogen  bears  the  greatest  pro- 
portion to  the  contained  oxygen.  It  readily  kindles  and  bums  without  melt- 
ing, emitting  a  bright  flame  like  that  of  a  candle,  and  produces  a  crackling 
noise  in  splitting  up  into  fragments  when  thrown  on  the  fire. 

Black  CoaL — ^The  peculiarity  of  this  formation  from  which  it  derives  its 
name  is  the  presence  of  fractures  occuring  in  the  coal  bed  at  right  angles 
or  nearly  so,  and  extending  from  top  to  bottom  of  the  seam,  enabling  the 
miner  to  get  it  out  in  rectangular  blocks. 

It  is  a  non-caking  bituminous  coal  occurring  in  large  quantities  in  Indiana. 
It  bums  well  under  a  heavy  load  without  caking. 

The  coal  is  of  a  dull  lusterless  black,  in  thin  laminse,  separated  by  fibrous 
charcoal  parting,  veiy  strong  across  the  bedding  Hnes,  and  is  £ree  from 
pyrites  and  calcite.  It  is  largely  used  for  boilers,  domestic  stoves,  grates 
and  also  for  blast  and  puddling  furnaces. 

Lignite* — ^The  principal  lignite  fields  are  in  Prance,  Italy,  Germany  and 
Austria,  but  lignite  is  also  found  in  the  U.S.  and  in  Sweden. 

As  found  in  the  mines,  lignite  varies  from  a  brown  to  a  deep  black,  accord- 
ing to  its  composition,  the  poorer  grades  canying  the  eartny  brown  color 
and  the  better  grades  the  black  approaching  that  of  bittuninous  coals. 
There  are  indications  of  the  organic  structure  in  the  lower  grades. 

Lignites  are  easily  ignited  because  of  the  softness  in  texture  and  high  per- 
centages of  hydrogen  and  oxygen.  They  bum  with  a  flame  somewhat  re- 
semblmg  peat.  Lignites  absorb  water  easily,  and  carry  a  high  percentage  of 
moisture  which  cuts  down  their  heating  value. 

The  ash  will  run  from  9  to  58%  and  with  a  lignite  which  is  high  both  in 
ash  and  moisture,  the  heating  value  may  be  so  low  as  to  make  it  undesirable 
for  boilers. 

Lignites  are  non-caking  and  hardly  more  like  anthracite  than  like  bitumi- 
nous coals. 


1.828  FUELS 

A  tHick  fire  and  strong  draught  must  be  carried  because  of  the  low  heating 
value.  Lignites  are  brittle  and  usually  break  up  when  thrown  on  the  fire. 
Tliey  are  ^so  likely  to  break  up  when  left  exposed  to  the  weather. 

Culm. — ^Formerly  this  was  waste  product  and  had  no  commercial  value. 
It  is  fine  anthracite  coal.  Culm  banks  abound  in  the  anthracite  regions  of 
Pennsylvania  and  consist  of  mixed  fine  coal  of  many  sizes,  with  a  consider- 
able proportion  of  slate  and  pyrites,  requirin|^  careful  attention  as  to 
draught,  firing  and  details  of  grate  upon  which  it  is  to^be  burned. 

Heating  Values  of  Coal.— ^The  theoreticg.1  beating  value  of 
fuel  is  the  heat  which  it  develops  wheii  constiE^ed  under  theo- 
retically correct  conditions — Which  are  practiballjy  oiily  obtained 
in  the  laboratory — and  it  is  expressed  in  hejat  units  or  thermal 
units.  In  England  and  the  United  States  the  British  thermal 
unit  is  adopted;  on  the  Continent  of  Europe  the  **calorie*'  is 
used. 

The  theoretical  heating  value  of  coals  varies  from  about  7,000  to  15,500 
B,t.u,  per  pound,  depending  largely  on  the  varying  amount  of  uncombustible 
matter  or  ash  that  the  coals  contain. 

The  semi-bittuninous  coals  of  the,  Pocahontas  and  Cardiff  varieties  are 
the  most  nearly  uniform  in  this  respect,  the  ash  being  onljr  3  to  8  per  cent.; 
Belgian  "Demigras"  will  run  from  5  to  15  per  cent.,  while  the  residue  in 
Transvaal  coal  may  reach  25  to  35  per  cent. 

The  anthracite  coals,  as  mined,  contain  from  15  to  30  per  cent.,  of  refuse 
or  slate.    Most  of  this,  however,  is  usually  removed  when  the  coal  is  pre- 

rired  for  the  market,  so  that  anthracite,  as  sold,  may  contain  as  little  as 
per  cent.  On  the  other  hand,  the  smaller  sizes  may  rtln  very  high  in  ash, 
and  cases  have  been  known  where  50  per  cent,  refuse  has  been  found  in 
boiler  tests. 

Bituminous  coals  are  extremely  variable,  running  from  5  to  35  per  cent, 
ash,  while  the  percentage  in  lignite  is  usually  considerably  under  10. 

The  heating  value  of  the  combustible  portion  of  the  coal  (ash  and  moisture 
deducted)  is  also  qtdte  variable,  and  depends  on  the  quality  of  the  volatile 
matter,  which  may  be  either  very  rich  m  hydrocarbons,  as  in  semi-bitumi- 
nous coals,  or  comparatively  high  in  oxygen,  as  in  many  of  the  bituminous 
ooals  and  lignite.  So  much,  in  fact,  does  the  amount  of  oxygen  foimd  in 
lignite  detract  from  the  heating  value  of  the  volatile  matter,  that  the  com- 
bustible portion. of  lignite  is  worth  only  about  three-fourths  that  of  semi- 
bituminous  coal. 
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The  following  table  gives  a  classification  of  American  coals 
according  to  the  heating  values,  being  the  table  prepared  by- 
Kent  {Journal  A.  S.  M.E.,  vol.  36,  p.  437,  1917)  but  arranged 
in  the  order  of  ascending  heating  values. 


Classification  of  American  Coals 


Class 

Volatile 
matter 
in  %of 

com- 
bustible 

Oxygen 
in  com- 
bustible 

% 

jB./.«.  per 

pounds  of 

combustible 

Sub-bituminous  and  lignite. . . 

Bituminoufi,  low  grade 

Bituminous,  medium  grade. . . 
Antliracite. . . , , ,  t  . » » . ,  x  - .  - 1 

27  to  60 
32  to  50 
32  to  50 
less  than  10 
10  to  15 
30  to  45 
15  to  30 
45  to  60 

10  to  33 
7  to  14 
6  to  14 
Ito    4 
Ito    5 
5  to  14 
Ito    6 
5  to    8 

9,600  to  13,250 
12,400  to  14,600 
13,800  to  15,100' 
14,800  to  15,400 
15.400  to  15.600 

Semi-anthracite 

Bituminous,  high  grade 

Sftmi-bituTPinous 

14,800  to  15,600 
15,400  to  16,050 

Eastern  cannel. 

15,700  to  16.200 

The  United  States  Geological  Survey  has  gone  into  the  matter  of  proper 
grouping  or  classification  of  coals  very  exhaustively.  In  the  report  on  the 
ooal  testing  plant  at  St.  Louis,  using  various  elements  and  ratios,  they 

found  that  the  carbon  hydrogen  ratio  _— ^  ^hile  not  perfect,  seems  to  fit 

ri 

the  cases  better  than  any  others,  and  suggest  for  investigation  and  discus- 
sioa  the  following  groups,  arbitrarily  designated  by  letters: 

Group  A  (Graphite) 8  to  (?) 

"      B  Anthracite (?)  to  30  (?) 

"      C  •'         30(?)to26(?) 

'*      D  Semi- Anthracite 26  (?)  to  23  (?) 

"      E      *'      Bituminous 23  (?)  to  20  (?) 

P  Bituminous 20  to  17 

'      G         "  17  to  14.4 

•  H         "  14.4  to  12.5 

•  I  "  12.5  to  11.2 

J  Lignite 11.2  to  9.3  (?) 

•  K  Peat 9.3  (?)  to  (?) 

"      LWood 7.2 
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From  this  report  is  here  quoted  the  following: 

Groups  A,  B,  C,  D,  and  E,  As  little  work  was  done  at  this  testing 
plant  on  anthracite  coal,  and  as  all  of  the  analyses  made  by  the  Second 
Geological  Survey  of  Pennsylvania  were  proximate  analyses,  Httle  material 
is  available  for  determining  the  limits  of  these  groups  and  the  figures  given 
must  be  regarded  as  provisional  only,  and  subject  to  change  when  a 
greater  number  of  ultimate  analyses  have  been  made. 

Groups  F,  G.  H,  /. — ^These  groups  embrace  what  generally  are  con- 
sidered bituminous  coals. 

Group  F. — Includes  Pocahontas  coal,  the  high  grade  Arkansas  coals 

west  of  the  Spadra  District  and  New  River  coals. 

Group  G. — Includes  upper  Freeport  and  Pittsburg  coals  or  Northern 
W.  Virginia,  Kanawha  Valley  coals,  high  grade  Kentucky  coals,  and 
Alabama  coals. 

Group  H» — Includes  all  Indian  Territorv  coals,  all  Kansas  coals,  high 
grade  Illinois,  Iowa  and  Missouri  coals,  and  second  grade  Kentucky  coals. 

Group  /. — Includes  the  great  majority  of  Iowa,  Illinois,  and  Missouri 
coals,  Indiana  coal  and  some  bituminous  coals  from  Wyoming  and  Montana. 

Group  J. — Includes  all  the  lignites,  both  black  and  brown  that  were 
tested. 

Group  K, — Is  limited  to  peat  and  is  based  entirely  upon  one  analysis 
obtained  from  outside  sources. 

Group  L, — Is  woods,  the  lowest  group  in  the  series. 

Coal  from  every  district,  indeed  from  different  mines  of  the  same  region 
vary  in  their  composition.  Any  table  of  analyses  could  therefore  only  be 
of  very  restricted  use,  since  it  is  of  course  impracticable  to  publish  a  com- 
plete fist. 

Sizes  of  Coal. — ^As  taken  from  the  mine,  coal  varies  in  size 
from  lumps  to  a  fine  dust. 

Ques.    What  is  the  effect  of  size  of  lumps  on  coal  ? 

Ans.  In  general  the  smaller  the  size  the  greater  is  the  amount 
of  impurities  present,  the  heat  value  is  lower,  more  coal  sifts 
through  the  grate,  and  other  objectionable  restdts  are  increased. 
As  a  consequence,  the  larger  sizes  usually  command  higher 
prices,  especially  for  anthracite. 
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Ques.    How  is  coal  graded  into  sizes? 

Ans.  By  screening  through  standard  openings  which,  however, 
differ  somewhat  both  as  to  size  and  shape  in  different  localities. 

The  preUmiiiary  report  of  the  Conmuttee  on  Power  Tests  of  the  American 
Society  of  Mechanical  Engineers  (1912)  recommends  the  grading  of  coal 
as  follows: 

Sizes  of  Anthracite  Ckml 


Size 


Broken .'.»...;........,. 

Egg .v  «.,•»••  V.  <.  #. 

Stove 

Chestnut 

Pea 

No.  1  Buckwheat ' 

•  No.  2  Buckwheat ^, 

No.  3  Buckwheat .' . 

Culm 


Diameter  of  opening 
through  or  over  which  coal 
will  pass,  inches 


Through 

Over 

4H 

3Ji 

3K 

2«/i6 

2^6 

IH 

15^ 

Vi 

% 

^ 

% 

^ 

K6 

fj0 

% 

^ 

'/^ 

... 

Sizes  t>f  Bituminous  Coal— Eastern  States 

Run  of  mine  coal, — ^The  unscreened  coal  tSaken  from  the  mine. 

Lump   coaf— That  'which-  passes  over  a  bar  screen  with  openings  IJ^ 
inches  wide. 

Nut  coaL — ^That  which  passes  through  a  bar  screen  with  1  ^-inch  openings 
and  over  one  with  J^-inch  openings. 

Slack  coaL — That  which  passes  through  a  bar  screen  with   ^-inch 
openings. 

I 

Sizes  of  Bituminous  Coal — Western  States 

Run  of  mine  coal — ^The  unscreened  coal  taken  from  mine. 

Lump  coal — ^Divided  into  6-inch,  3-inch  and  IJi-inch  lump  according 
to  the  diameter  of  the  circular  openings  over  whidi  the  respective  grades 
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pass;  also  into  6X3  lump  and  3X1}^  lump  according  as  the  coal  passes 
through  a  circular  opening  of  the  larger  diameter  and  oVer.one  of  the 
smaller  diameter. 

Nut  coal — ^Divided  into  3-inch  steam  nut.  whicb  passes  throuc^  a 
d-inch  circular  opening  and  over  a  IJi-inch;  IJ^-inch  nut,  whidi  passes 
through  a  l}^-inch  circular  opening  and  over  a  ^-inch;  and.  ^-inch  nut, 
whi<^  passes  throu^  a  5i-inda  circular  opening  and  over  a  fj^-Ach. 

Screenings* — That  which  passes  through  a  l}^-inch  opeziing. 

Bitun:iinous  and  semi-bituminous  coals  usually  crumble  to  powder 
when  handled,  (particularly  if  left  easposed  to  the  open  air  for  a  tmie,  as 
they  absorb  moisture  rapidly  and  uus  moisture  will  not  be  driven  oS 
except  by  heating  the  coal  up  to  250*^  F.  Such  coals  are  therefore  sold  as 
run  of  mine,  which  means  that  lumps  and  dust  and  all  sizes  between  are 
sold  m  one  xnass. 


COKE 


Ones.    What  is  coke? 

Ans.    The  solid  substance  remaining  after  the  partial  burning 
of  coal  in  an  oven  or  after  distillation  in  a  retort. 

When  the  former  process  is  used,  the  coke  is  the  primary  product,  and 
any  other  products  are  considered  as  bv-products,  being  quite  frequently 
thrown  away,  although  modem  coke  making  processes  save  most  of  them. 

In  the  retort  process,  however,  the  coke  itself  is  one  of  the  by-products, 
the  gases  being  the  object  of  the  operation,  although  the  by-products  have 
in  later  years  become  better  revenue  producers  than  the  gas  itself. 

Ques.    How  is  gas  retort  coke  produced  ?     . 

Ans.    It  is  produced  by  the  application  of  high  temperatures 
to  the  outside  of  the  retort  for  a  short  time. 

The  product  is  soft,  spon^,  and  of  dark  grey  color,  approaching  black. 
It  is  not  fitted  for  metallurgical  work,  and  its  principal  use  is  fw^nnestic 
purposes,  and  in  steam  boiler  practice. 

Coke  produced  in  beehive  ovens,  however,  is  made  under  lower  tem- 
peratures, the  process  requiring  from  48  to  72  hours.    It  is  hard,  dense, 
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and  of  a  Heht  grey  color,  has  a  brilliant  metallic  lustre,  and  will  ring  when 
struck.  Tne  product  is  especially  adapted  for  heaver  metallurgical  work, 
but  its  high  cost  precludes  its  use  for  either  steam  boilers  or  domestic  pur- 
poses, 'fliis  same  grade  of  coke  is  now  extensively  produced  in  closed 
ovens  in  a  very  much  more  economical  way. 

Ques.    Does  chemical  analysis  show  much  difference  in 
the  heating  yalue  of  different  cokes? 

Ans.    It  shows  very  little  difference. 

The  heating  value  is  roughly  considered  as  being  about  14,000  B,t.u,  per 
pound,  and  the  difference  in  adaptability  is  due  to  the  physical  differences. 
Analyses  of  twenty-nine  samples  of  coke  from  six  oifferent  states  give 
averages  as  follows: 

Carbon  89.16%;  Sulphur  .918%,  Ash  9.21% 

The  average  weight  of  solid  coke  may  be  taken  as  45  pounds  per  cubic 
foot.  The  average  weight  of  heaped  coke  may  be  taken  as  30  potmds  per 
cubic  foot.    One  long  ton  heaped  averages  75  cubic  feet. 

Under  ordinal^  conditions  coke  carries  from  5%  to  10%  water,  and  if 
tmx)rotected,  will  absorb  from  15%  to  25%  of  its  own  weight. 

Good  coal  carefullv  handled  in  &,  beehive  oven  produces  on  an  average 
of  about  06%  to  66>^%  coke,  which  can  be  marketed  as  such;  about  2% 
to  2)^%  of  breeze  or  fine  coke,  and  from  .75%  to  1%  ash,  there  being  an 
average  of  about  30%  to  31%  loss,  mostly  due  to  the  volatile  matters  dnvea 
off  in  the  coking  process. 


PEAT 

Ques.    Wliat  is  peat? 

Ans.    A  substance  of  vegetable  origin  alwa3rs  found  more  or 
less  saturated  with  water  in  swamps  and  bogs. 

It  consists  of  roots  and  fibres  in  every  stage  of  decomposition,  from  the 
natural  wood  to  vegetable  mold.  It  is  valuable  as  a  fuel  only  after  having 
been  dried  out  as  much  as  possible.  As  found  in  the  bog,  peat  usually 
contains  85%  to  90%  oi  water,  and  when  air  dried  stiU  holds  at  least  15% 
moisture. 
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Ques.    What  does  an  analysis  of  air  dried  peat  of  good 
quality  show? 

Ans.    About  48%  carbon,  4%  hydrogen,  27%  oxygen,  1% 
nitrogen,  15%  moisture,  5%  ash.    9,000  B.t.u, 

The  analysis  of  perfectly  dried  peat  would  be  about  as  follows: 

58%  to  60%  carbon,  6%  hydrogen,  30%  to  31%  oxygen,  l%to  lJi% 
nitrogen,  2%%  to  5%  ash.     10,260  B.t.u. 

Ques.    What  Is  the  weight  of  peat  per  cubic  foot? 

Ans.     Heaped,  it  is  from  6  pounds  to  22 J^  pounds,  or  33. S 
cubic  feet  to  88.8  cubic  feet  per  ton  of  2,000  pounds. 

Ques.    How  Is  peat  prepared  as  a  fuel? 

-I 

Ans.     It  is  prepared  in  three  forms:  1,  as  band  or  spade  peat; 
2,  as  briquetted  peat:  3,  as  machine  peat. 

i.  Spade  peat  is  obtained  by  cutting  out  of  the  bog  r^;ularly  shaped 
blocks,  stadong  the  blocks  on  the  ground  to  dry.  The  product  is  very 
commonly  friable,  will  not  stand  transportation,  is  not  suitable  for  coking 
and  is  usually  quite  bulky,  although  the  specific  gravity  may  nm  from 
2  to  1.3. 

2,  Briquetted  peat  is  produced  by  compressing  dry  powdered  peat 
with  heay7  machinery  into  regularly  shaped  blodcs.  The  briquetted 
fuel  is  clean,  and  bears  transportation  fairly  well. 

J.  Machine  peat  is  prepared  on  the  principle  that  when  raw  peat  con- 
taining from  80  to  85%  of  water  is  thoroughly  mixed  and  kneaded,  it  loses 
its  fibrous  structure  and  on  drying,  shrinks  firmly  together  into  a  compact 
mass  of  about  one-fifth  the  original  volume. 


WOOD 


The  term  wood  is  generally  used  to  designate  the  limbs  and 
trunks  of  trees  as  they  are  felled. 


NOTE. — Peat  u  found  in  many  parts  of  Europe,  and  has  been  used  in  Ireland  for  many 
years  as  a  domestic  fuel.  A  very  valuable  deposit  exists  in  Minnesota,  where  hundreds  <n 
acres  of  peat  several  feet  deep  have  been  found. 
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Woods  may  be  divided  into  two  classes:  1.  Hard,  compact  and  com- 
paratively heavy  woods,  such  as  oak,  beech,  elm  and  ash.  2.  The  light- 
colored,  soft,  and  comparatively  light  woods,  such  as  pine,  birch,  poplar 
and  willow.  When  freshlv  cut,  about  45%  of  the  total  weight  of  wood  is 
water,  and  when  air  drieci  and  kept  in  a  dry  location,  it  still  retains  from 
16%  to  25%  of  water. 

Ques.    What  is  the  relative  heating  value  of  wood  as 
compared  with  coal  ? 

Ans.    The  heating  value  of  thoroughly  dried  wood  is  .about 
40%  of  that  of  coal. 

Ques.    What  is  the  effect  of  water  in  wood  ? 

Ans.     It  causes  a  loss  of  economy. 

This  is  shown  in  the  following  table,  which  gives  the  difference  in  chemical 
composition  and  heat  value  between  perfectly  dried  wood  and  ordinary  fire 
wood: 

Dry  wood.     Ordinary  fire  wood. 

Carbon 50%  37.5% 

Hydrogen 6%  4.5% 

Oxygen. 41%  30.75% 

Nitrogen 1%  0.75% 

Ash 2%  1.50% 

100%  75.00% 

Moisture 25.00% 

Total 100.00% 

The  heat;values  of  the  above  are  as  follows: 

7,840  5./.tt.         5,880  3.^«. 
Equivalent  to  8.1  lbs.  of  water    6.1  lbs.  of  water 

evaporated  per  pound  of  fuel  from  and  at  212°  F.  theoretically. 

» 

From  the  above  it  will  be  seen  that  there  is  a  loss  of  heating  power  per 
I>otmd  of  ordinarv  fire  wood  of  25%,  due  to  thepresence  of  the  hydro- 
metric  water,  and  there  is  a  still  further  loss  of  5%  due  to  the  fact  that 
this  water  must  be  evaporated. 

NOTE. — Suppose  the  wood  with  its  contained  water  to  be  fed  onto  the  fire  at  the 
oxxiinary  temperature  of  62°  P.  Bach  pound  of  water  therefore  will  require  about  1.116.6 
B.t.u,  to  heat  it  up  to  212^  P.  and  evaporate  it  at  this  temperature,  and  as  each  pound  of 
wood  by  above  analysis  contains  ^  pound  of  water,  this  will  require  279  heat  units  to  evaporate 
it,  which  is  4.7  per  cent  of  the  total  heat  generated,  so  that  ordinary  fire  wood  has  only  about 
71  per  cent  of  the^heat  value  of  perfectly  dry  wood.  The  A.  S.  M .  B.  have  established  a  value 
of  wood  in  its  equivalent  in  coal  for  the  purpose  of  boiler  testing  as  above  stated,  viz:  1  pound 
of  wood  *  .4  potmds  of  coal,  but  in  case  greater  accuracy  be  desired  1  potmd  of  wood  may  be 
considered  as  having  a  heating  value  equivalent  to  the  evaporation  of  6  pounds  of  water 
from  and  at  212**  F.,  which  is  equivalent  to  5,794  B.t.u.  per  pound. 
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TAN   BARK 


Tan  bark,  usually  oak  bark  after  having  been  used  in  the 
process  of  tanning,  is  frequently  burned  as  fuel.  The  spent 
bark  consists  of  the  fibrous  portions,  and  according  to  M. 
Pedet,  five  parts  of  oak  bark  produce  four  parts  of  dry  tan 
the  heat  value  of  which  is  about  6,100  B,t.u.,  and  this  so  called 
dry  tan  contains  about  15%  of  ash. 

Tan  bark  ia  its  ordinary  state  of  dryness  contains  about  30% 
water  and  has  a  heating  value  of  4,284  B,t,u.  The  theoretical 
evaporation  from  and  at  212^  F.,  of  1  pound  of  spent  bark 
(equivalent  to  the  heating  value  just  given)  is  about  4.12  pounds 
of  water. 

Ques.    How  Is  wet  tan  bark  burned  successfully? 

Ans.  By  burning  it  in  a  fttmace  of  sufficient  volume  to 
accommodate  a  large  quantity  of  wet  bark,  exposed  to  the 
heated  gases  coming  from  the  burning  bark,  which  has  been 
previously  dried. 

As  the  wet  bark  becomes  dried,  it  must.be  fed  down  and  btimed,  where 
its  hot  gases  in  turn  assist  in  drying  the  newly  fed  fuel.  The  rate  of  com- 
bustion is  limited  by  l^e  rapi(Hty  of  the  drying  process.  If  it  exceed  this, 
the  dry  portion  bums  up,  leaving  the  wet  fuel  which  will  not  bum. 


STRAW 


Straw  consists  of  the  stems  or  stalks  of  grain,  and  its  principle 
use  is  for  plaiting,  thatching,  paper  making,  etc.,  but  in  certain 
localities  it  is  used  as  a  fuel. 

Ques.    What  is  the  heating  value  of  straw? 
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Ahs.  Tests  of  wheat  and  barley  straw  give  average  of  6,411 
B,t.u.^  out  of  which  163  B.t.u.  must  be  used  in  evaporating  the 
natural  water,  leaving  5,258£./.m.  available,  which  is  equivalent 
to  the  evaporation  of  6.4  pounds  of  water  per  pound  of  straw 
Jrom  and  at  212''  F, 


SAWDUST 


The  conditions  necessary  for  burning  sawdust  are  that  ample 
room  should  be  given  it  in  the  furnace  and  sufficient  air  supplied 
on  the  surface  of  the  mass;  the  same  applies  to  shavings,  refuse, 
Itmiber,  etc. 

Ques.    Whatis  the  heating  value  of  sawdust? 

Ans.  It  is  niaturally  the  same  as  that  of  the  wood  from  which 
it  is  derived,  but  if  allowed  to  get  wet,  it  is  more  like  spent  tan. 

Mr.  W.  S.  Hutton  gives  the  following  heating  values  of  combustible 
refuse: 

per  lb.  of  fuel. 

Oak  bark,  dry 6,279 

Oak  bark,  in  a  damp  state 3,024 

Sawdust  from  oak  or  other  hard  woods,  cby 5,912 

Sawdust  from  pine  or  other  soft  woods,  dry 5,217 

Sawdust  in  moderately  dry  state,  averages 3,961 

Wood  chips  and  sawdust,  mixed,  moderately  dry,  averages  3,671 
Wood  chips  and  green  twigs  in  a  damp  state,  or  containmg 

50  per  cent,  of  moisture,  average 1,932 


BAGASSE 


Ques.    What  is  bagasse? 

Ans.     The  fibrous  portion  of  sugar  cane  left  after  the  juice 
has  been  extracted. 
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It  consists  of  woody  fibre,  water,,  sucrose,  glucose  and  other  solids  in 
varying  proportions,  depending  upon  the  quality  of  the  cane  and  its  treat- 
ment in  the  mill. 

Ques.    What  is  its  heating  value? 

Ans.    Its  average  heating  value  when  dry  is  8,360  B.t.u. 


TAR 

Coal  Tar. — The  value  of  coal  tar  as  a  fuel  is  usually  very 
much  lower  than  its  value  for  other  purposes,  but  it  is  at  times 
used  to  advantage  as  a  fuel.  The  yield  of  coal  tar  varies  with 
the  kind  of  coal  and  with  the  methods  employed,  from  about 
4J^  to  6J^%  of  the  weight  of  coal. 

It  is  lower  in  hydrogen  and  higher  in  carbon  than  crude  oil, 
and  therefore,  of  a  lower  calorific  value .  Tar  made  from  standard 
gas  coal  would  have  an  ultipiate  analysis  about  as  follows: 

Carbon 89.21%      Nitrogen 1-05%      Sulphur 0.56% 

Hydrogen 4.95%      Oxygen 4.23%      Ash trace 

It  has  a  specific  gravity  of  about  1.25;  a  gallon  weighing  10.3  pounds. 

Using  Dulong's  formula  as  adopted  by  the  A.  S.  M.  E.,  such  fuel 
would  have  about  15,800  B,t,u.  per  pound,  and  a  theoretical  evaporative 
power  of  about  16.4  pounds  of  water,  from  and  at  212®  P.  A  series  of 
calorimetric  tests  give  about  15,700  B.t.u,  Coal  tar  may  be  burned  if 
heated  and  strained,  the  same  as  other  Hquid  fuels. 


NOTE. — The  following  are  some  of  the  conclusiQns  reached  in  Louisiana  Btilletin  No.  117: 
"Less  excess  of  air  is  required  with  bagasse  than  with  coal,  usually  50%  or  less  is  sufficient. 
The  rate  of  combustion  should  be  at  least  100  pounds  per  square  foot  of  grate  surface  per  hour* 
and  best  results  were  obtained  with  rates  even  higher  than  this.  Not  less  than  1 .5  boiler  horse 
power  should  be  provided  per  ton  of  cane  per  24  hours.  A  good  working  furnace  depends 
more  upon  the  proportion  of  heating  surface  to  the  grate  surface,  rate  of  combustion  and  other 
matters  of  design  and  operation  than  upon  the  type  or  form.  On  account  of  the  large  amount 
of  moisture  in  bagasse  which  is  converted  into  steam  in  the  furnace,  a  volume  of  gas  and  steam 
much  larger  than  for  coal  must  be  provided  for  in  the  cumbustion  chamber  and  the  passages  to 
the  stack." 
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Oil  Tar, — This  is  produced  in  an  ordinary  gas  apparatus,  has 
a  specific  gravity  of  1.15,  is  less  sticky  than  coal  tar,  and  can  be 
transported,  handled  and  burned  like  other  oils.  Its  analyris 
is  about  as  follows: 

Carbon 92.7  %      Nitrogen. 11%      Sulphur 37% 

Hydrogen 6.13%  ,    Oxygen ; . . !  .69%      Ash , . .  trace 

By  the  Dulong  formula  the  above  analysis  would  give  17,296  B,t,u», 
and  its  theoretical  evaporative  power  would  be  about  17.9  pounds  of 
water  from  and  at  212^  P.  By  the  calorimeter  such  oil  gives  a  value  of 
17,190  B,t.u. 


B.  LIQUID  FUELS 

The  many  advantages  of  liquid  fuel  or  fuel  oil  for  use  with 
steam  boilers  have  been  apparent  for  a  long  time ,  and ,  in  localities 
where  the  crude  oil  or  refuse  from  distillation  oould.be  obtained 
•cheaply  (or  where  coal  is  very  expensive)  it  has  beeix  Used  with 
much  satisfaction. 

Petroleum  is  practically  the  only  liquid  fuel  sufficiently  abtmdant  and 
cheap  to  be  used  for  the  generation  of  steam.  It  possesses  many  advantages 
over  coal  and  is  extensively  used  in  many  localities. 

There  are  three  kinds  of  petroleum  in  use,  namely  those  yielding  on  dis- 
tillation: Isty  paraffin;  2nd,  asphalt;  3rd,  olefine.  To  the  first  group 
belong  the  oUs  of  the  Appalachian  Range  and  the  Middle  West  of  the 
United  States.  These  are  a  dark  brown  in  color  with  a  greenish  tinge. 
Upon  their  distillation  such  a  variety  of  valuable  Ught  oils  are  obtained 
that  their  use  as  fuel  is  prohibitive  because  of  price. 

To  the  second  group  belong  the  oils  foimd  in  Texas  and  California. 
These  vary  in  color  from  a  reddish  brown  to  a  jet  black  and  are  used  very 
largely  as  fuel. 

The  third  group  comprises  the  oils  from  Russia,  which,  like  the  second, 
are  used  largely  for  fuel  purposes. 

Qu^.    In  general,  of  what  does  crude  oil  consist? 
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Ans.  It  consists  of  carbon  and  hydrogen,  though  it  also  con- 
tains varjdng  quantities  of  moisture;  stdphur,  nitrogen,  arsenic^ 
phosphorous  and  silt. 

The  moisture  contained  may  vary  from  less  than  1  to  over  30  per  cent^ 
depending  uoon  tiie  care  taken  to  separate  the  water  from  the  oil  in  pumping 
from  the  weu.  As  in  any  fuel,  this  moisture  affects  the  available  heat  of  the 
oil,  and  in  contracting  for  the  purchase  of  fuel  of  this  nature  it  is  well  to 
limit  the  per  cent  of  moisture  it  may  contain.  A  laree  portion  of  an^ 
contained  iDoisture  cai\  be  separated  by  settling  and  for  oest  results,  sum- 
dent  storage  capacity  should  be  supplied  to  provide  time  for  such  action. 

Ques.    What  is  the  heating  value  of  petroleum? 

Ans.  A  pound  of  petroleum  usually  has  a  calorific  value  of 
from  18,000  to  22,000  BAm. 

Ques.  What  are  the  relative  values  <tf  oil  and  coal  as 
fuels? 

Ans.  Under  favorable  conditions  1  pound  of  oil  will  evapo- 
rate from  14  to  16  pounds  of  water  from  and  at  212  deg,;  1  pound 
of  coal  will  evaporate  from  7  to  10  pounds  of  water  from  and  at 
212  deg. 

The  following  tables  show  the  comparison  in  more  detail: 

Rdative  Heating  Values  in  Coal  and  Oil 

BJ.u.  per  pound 

Petroleum  residutun, 19,500 

Beaumont  crude 18,500 

Anthracite  coal— East  Middle  coal  field 13,400 

Semi-bitimiinous — Cumberland,  Maryland 14,400 

Pocahontas,  Virginia 15,070 

Bituminous — Jackson  County,  Ohio. 13,090 

Hocking  Valley,  Ohio 12,130 

Missouri  coal 12,230 

Alabama  coal 13,500 

McAllester  coal,  I.  T.. ., 12,789 

New  Mexico 12,000 

Texas  Lignite 10,000 
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These  calorimeter  values  are  carefully  selected  averages  and  furnish  a 
means  of  comparing  the  different  coals  one  with  another,  but  in  comparing 
liquid  fuels  with  the  solid,  §uch  as  oil  with  coal,  they  do  not  form  an  accurate 
measurement  of  the  relative  value  of  the  two  kinds  of  fuel  as  steam  makers, 
owing  to  incomplete  combustion  due  to  inefficient  firing  and  other  causes. 


Comparative  Evaporation  of  Coal  and  Oil 

Taken  from  the  United  States  Geographical  Report  on  Petroletim 


One  Pound  of  Combustible 


Pounds  of  "Water 
Evaporat's  at  212 
deg.tper  pound  of 
combustible 


Barrels  of  Petro- 
leum required  to 
do  same  amount  oi. 
evaporation  as 
one  ton  of  coal 


Petroleum  18  to  40  deg.  Batune 

Pittsburg  lump  and  nut,  Penna 

Pittsburg  nut  and  slack,  Penna 

Anthracite,  Penna 

Indiana  block 

Georges  Creek  lump,  Maryland. . . . 

New  River,  West  Virginia 

Pocahontas  lump,  West  Virginia. . . . 

Cardiff  lump,  Wales 

Cape  Breton,  Canada. 

Nanaimo,  British  Columbia 

Co-operative,  British  Columbia . . . . 

Greta,  Washington. 

Carbon  Hill,  Washington , 


4. 

3.2 

3.9 

3.8 

4. 

3.8 

4.2 

4. 

3.7 

2.9 

3.6 

3. 

3. 


The  U.S.  Naval  Liquid  Fuel  Board  appointed  for  the  purpose 
of  thoroughly  investigating  the  problem  of  using  oil  as  a  boiler 
fuel,  made  an  exhaustive  report  to  the  Navy  Department. 
Their  conclusions  are  given  in  full  and  while  relating  particularly 
to  marine  practice,  there  is  much  that  is  applicable  to  land  prac- 
tice. 


NOTB. — ^The  light  and  easily  ignited  constituents  of  petroleum,  such  as  naphtha,  gasoline 
and  keroeene,  axe  oftentimes  driven  off  by  a  partial  distillation^  these  products  being  of  greater 
value  for  other  purposes  than  for  use  as  fuel.  This  partial  distillation  does  not  decrease  the 
value  of  petrOletun  as  a  fuel;  in  fact,  the  residuum  known  in  trade  as  "fuel  oil"  has  a  slightly 
higher  calorific  value  than  petroleum,  and  because  of  its  higher  flash  point  it  may  be  more  safely 
handled.    Statements  made  with  reference  to  petroletmi  apply  as  well  to  fuel  oil. 
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Ck>nclusion8  of  the  U.  S.  Naval  Liquid  Fuel  Board. 

a.  Oil  can  be  burned  in  a  nearly  uniform  manner. 

b.  The  evaporative  efficiency  of  nearfy  every  kind  of  oil  per  i)ound  of 
combustible  is  probably  the  same.  While  the  crude  oil  may  be  rich  in 
hydrocarbons,  it  also  contains  sulphur,  so  that,  after  refining,  the  distilled 
oil  has  probably  the  same  calorific  value  as  the  crude  jwroduct. 

c.  A  marine  steam  generator  can  be  forced  to  even  as  high  a  degree 
with  oil  as  with  coal. 

d.  Up  to  the  present  time  no  ill  effects  have  been  shown  upon  the  boiler. 

e.  The  firemen  are  disposed  to  favor  oil,  and  therefore  no  impediment 
will  be  met  in  this  respect. 

/.  The  air  requisite  for  cdmbustion  should  be  heated  if  possible  before 
entering  the  furnace.  Such  action  undoubtedly  assists  the  gasification  of 
the  oil  product. 

g^    The  oil  should  be  heated,  so  that  it  can  be  atomized  more  readily. 


C.  GASEOUS  FUEL 


The  gaseous  fuels  used  in  all  steam  boilers  are  natural  gas, 
waste  gas  from  blast  furnaces,  coke  oven  gas  and  producer  gas. 
Natural  gas,  like  mineral  oil,  is  chiefly  a  mixture  of  hydro- 
carbons, but  no  great  complexity  exists,  as  few  are  gaseous  at 
ordinary  temperatures. 

Natural  gases  contain  varjring  amounts  of  CO,  COj  and  nitrogen,  formed 
probably  from  the  action  of  oxygen  on  the  carbon,  the  nitrogen  accompany- 
mg  the  oxygen.  Blast  furnace  and  producer  gases  contain  large  percentages 
of  nitrog[en  and  carbon  dioxide,  while  coke  oven  gas  contains  much  more 
combustible. 
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Ques.    How  do  gas  fuels  compare  with  liquid  fuels  ? 

Ans.  Gas  fuels  offer  all  the  advantages  of  liquid  fuels,  and 
but  few  of  the  disadvantages. 

Ques.    What  is  the  heating  value  of  natural  gas? 

Ans.     It  varies  from  800  to  1,100  S.^w.  per  cubic  foot. 

1,000  cubic  feet  of  natural  gas  is  approximately  equivalent  to  57.25 
pounds  of  coal. 

Gaseous  fuel  has  so  many  apparent  advantages  over  any 
other  that  it  may  properly  be  regarded  as  the  ideal  fuel. 
Manufacturers  who  have  once  realized  its  advantages,  would 
gladly  welcome  some  kind  of  gaseous  fuel,  provided  this  can  be 
made  cheap  enough  to  compete  with  the  local  coal.* 

The  following  table  shows  the  relative  heat  values  of  a  few 
gases,  and  a  comparison  of  each  with  soft  coal: 

Comparison  of  Gas  and  Goal. 


Variety 

Heat  Units 
per    ^ 
1000  cu.  ft. 

Equivalent 
pounds 
of  coal. 

Corresponding 

price  p'cr 

1000  cu.  ft. 

Natural  Gas 

1,100,000 
755.000 
350,000 
155,000 

81.5 

55.9 

25.9 

lt.48 

8.15    Cents 

Coal  Gas 

5.69        * 

Water  Gas 

2.59        " 

Producer  Gas 

1.148        • 

The  coal  is  asstimed  to  cost  $2.00  per  ton  and  to  have  a  heat  value  of 
13,500  B.t.u.  The  efficiency  of  the  two  fuels  is  assumed  to  be  the  same 
when  burned  under  a  boiler. 

The  last  column  shows  what  pricp  should  be  paid  for  the  gas  in  order 
to  make  it  economical  to  use  that  fuel. 


♦NOTB. — ^To  answer  this  demand  a  number  of  i>roce88e8  have  been  invented.  The  U.S. 
Geological  Survey  in  its  report  on  the  Mineral  Resources  of  the  United  States,  rei)orts  the  pro- 
duction of  natural  gas  in  twenty-two  states.  In  some  of  these  states  such  quantities  are  pro- 
duced that  immense  industrial  operations  are  based  on  its  tue. 
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No  account  has  been  taken  of  the  saving  resulting  from  the  less  attention 
needed,  the  probably  higher  efficiency,  the  fact  ttiat  there  are  no  ashes 
to  remove,  and  the  greater  ease  of  handling  when  gas  is  used. 

These  factors  would  make  it  possible  to  pay  a  higher  rate  for  gas  depend- 
ing on  the  size  of  plant  and  the  relative  unportance  of  the  various  items 
mentioned. 


Cubic  Feet  of  Gas  Required  per  Horse  Power  Hour 


Variety. 


Natural  Gat 

Coal  Qas 

Water  Gas.... 4... 
Producer  Gas 


100  i>er  cent 
efficiency. 


30.4 
44.4 
95.5 

2ie.o 


80  per  cent 
efficiency. 


38.0 

65.5 

110.5 

270.0 


70  per  cent 
efficiency. 


43  5 

63.6 

136.5 

308.6 


.60  per  cent 
efficiency. 


50.7 

74.0 

•-)9.2 

360.0 


Water  Evaporation  on  Basis  of  75  Per  Gent.  Boiler  Efficiency. 


Pounds  wrter  from  and  at  212"*?.  per  1000 
cu.  ft.  Gas. 


Natural 
Gas. 


851 


Coal 
Gas. 


584 


Water 
Gas. 


^7a.5 


Producer 
Gas. 


120 
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Ques.    What  is  combustion  ? 

Ans.    Rapid  oxidation, 

'  -    -  .1 

It  may  farther  be  defined  as  the  rapid  chemical  combination  of  oxygen 

rith  any  material  which  is  capable  (^  oxi< 

panied  oy  the  diffusion  of  heat  and  light 


Ques.    What  is  the  oxyften  called? 

Ans.    The  supporter  of  combustion. 

Ques.    Where  is  it  obtained? 

Ans.     In  the  air. 

Pure  air  is  a  mechanical  mixture  of  oxygen  and  nitroeen.  The  accepted 
valuesfor  the  proportion  of  oxygen  and  nitrogen  are:  oy  volume,  oxygen 
20.91%,  nitrogen  79.09%;   by  weight,  oxygen  23.16%,  nitrogen  76.85%. 

Air  in  nature  always  contains  other  constituents  in  varjdng  amounts, 
such  as  dust,  carbon  dioxide,  oeone  and  water  vapor.  Being  po-fectly 
elastic,  the  density  or  weightper  unit  volume  decreases  in  geometric  pro- 
gression with  the  altitude.  Tiiis  fact  has  a  direct  bearing  in  the  propor- 
tioning d  furnaces,  flues  and  stacks  at  high  altitudes.  In  nature  the  ox}rgen 
in  the  air  is  constantly  causing  slow  combustion,  thus  iron  rusts,  various 
substances  decay,  etc. 

Ques.    What  is  the  material  called  which  is  capable  of 
combustion? 
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Ans.     The  combustible. 

As  used  in  steam  engmeerii^  practice,  however,  the  term  combustible 
is  applied  to  that  portion  of  the  material  which  is  dry  and  free  from  ash, 
thus  including  oxygen  and  nitrogen,  which  may  be  constituents  of  the  fuel, 
material;  though  not  in  the  true  sense  of  the  term  combustible. 

Ques.    What  is  fuel! 

Ans.     Any  material  which  serves  by  combustion  for  the  oro- 

-0UTERM05T  CONE  OR  MANTte 
PERFECT  COMBUSTION 


BRIGHT  WHITE  LIGHT— 


-INTERMEDIATE  CONE 
IMPERFECT  COMBUSTION 


—  INNERMOST  CONE 
.  COMBUJiTI&LC  GAS 

.:i:-^i- —CUP 

PERFECT  COMBUSTION 


ALMOST  BLACK- 
BLUE. 


Pio.  3^40.— The  candle  Sune.  The  form  of  the  cindle  Ikme  Ii  conunon  to  all 
coniistU  gu  isEuing  from  h  amall  circular  kt.  like  Che  wlclc  of  a  candle.  TEui  gi 
the  jet  in  the  form  pf  »  cylinder  which,  hotvever.  immediately  becou 

interruption  with  the  sbrroundin^  sir  la  nearly  complete,  will  be'pe 
gases  in  the  interior  of  me  diTeiBing  cone  cannot  bum  until  they  tia 

quantiw.  the  inccessive  circles  of  combustion  must  Himinish  in  diimetef  molting  in'the 
conical  uuipe. 

duction  of  fire,  aS  wood,  coal,  peat,  oil,  etc. 
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Ques.    What  are  the  principal  combustibles  in  coal  and 
other  fuels? 


Ans.    Carbon,  hydrogen,  and  sulphur. 


These  occur  in  varying  proportions,  cai^ 
bon  being  by  far  the  most  abundant,  thus 
typical  anthracite  coals  contain: 

Carbon 90  to  95  per  cent 

Hydrogen 1  "    3    "      " 

Oxygen  and  nitrogen 1  "    2    " 

Moisture  1  "    2    "      " 

Ashes 3  "    5    "      " 


Carbon. — This  is  a  combustible 
element,  non-metallic  in  its  nature, 
and  present  in  most  organic  com- 
pounds 

It  forms  the  base  of  lamp  black  and 
charcoal  and  enters  largely  into  min- 
eral coals.  In  its  crystallized  state,  it 
constitutes  the  diamond,  the  hardest  of 
known  substances,  occurring  in  mon- 
ometric  crystals  like  the  octahedron, 
etc.  Another  modification  is  graphite 
or  black  lead,  and  in  this  it  is  soft, 
and  occurs  in  hexagonal  prisms. 


q.3,311. — Dsvy's safety  lamp.    ThiaUmnma 

iooforthiiishecaus 

a  isised  to  a  poicit  called  the  kimilint  poiy 
^_. . ^-^— to  the  kindliiu 


S^aea,  aod  tbeeu  m 


'n ooiutroetlon,  the ufetvlamp is 

where  the  heat  of  the  flame  chiefly  plays.    The  cage  is  protected  by  stout  iron  vriiea  attaoheil 

""  "  —--  ' ji--..!--  ■ _    ^  brasa  tube  peases  up  through  the  oil  reservoir  and  in 

le  friciion,  a  wire  bent  at  the  top.  so  that  the  wick  may 
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Sulphur.-^Most  coals  and  some  oils  contain  sulphur.  It  is 
usually  present  in  combined  form,  either  as  sulphide  of  iron  or 
sulphate  of  lime;  in  the  latter  form  it  has  no  heat  value. 

Its  presence  in  fuel  is  objectional  because  of  its  tendency  to  aid  in  the 
formation  of  clinkers,  and  the  gases  from  its  combustion,  when  in  the 
presence  of  moisture,  may  cause  corrosion. 


whicb  co«l  Bu  ia  alloocd  to  pui  dowly  into  tbe  i>r.  t . 

e1oiiSiit«  very  cojiaideTitbly.  And  fiiuUy  to  be  extinsuLshed.  nrhen  the  w 


witb  a  mixture  of  coal  gu  Slid  lir  bunuog  (ruiquiUy  within  tli 

lump  u  (urnnmded  by  ui  uplouve  mixture,  a  Ugbted  ti^wr  iaseited  through  the  hole  C. 


Ignition  or  KJndUngPoint. — Tocause  a  combustible  to  unite 
with  oxygen  and  combustion  take  place,  its  temperature  must  be 

•NOTE. — When  the  Davy  lamp  iibroughl  intoaiiBtmosphefeHmtaininBfiiedainp.acof 
J  !-»„-  «-...«  j*  nhaH.n>.i  tn  rtlay  abovc  tfa*  tip  of  the  illuminating  ilame.    This  incipient  com- 
a  hydrogen  flame  ih  subBtituted  for  on  oil  flame,  and  the  height 
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raised  to  the  ignition  or  kindling  point,  and  a  sufficient  time 
must  be  allowed  for  the  complete  combustion  to  take  place 
before  the  temperature  of  the  gases  is  lowered  below  that  point. 

According  to  Stromeyer  the  approximate  ignition  tempera- 
tures are  as  given  in  the  following  table: 


Kindling  Teti^terature  of  Finrfoua  Fuela, 

Degrees  Pfthr. 

Limite  dust 300 

_, nv^l  Dnedpeat 435 

/^.  _jL>i  Sulphur 470 

Anthracite  dust 670 

Coal 600 

Coke red  heat 

Anthracite red  heat,  780 

Carbon  monoxide red  hefit,  1211 

Hydrt^ea 1,030  to  1,290 


Ck)mbu8tion. — The  two  principal  ele- 
ments of  ooal,  carbon  and  hydrogen,  have 
k  an  affinity  for  oxygen.  When  they  unite 
chemically  heat  is  produced.  The  oxygen 
having  the  stronger  affinity  for  hydrogen 
unites  with  it  first  and  sets  the  carbon  free. 
A  multiplicity  of  solid  particles  of  carbon 
thus  scattered  in  the  midst  of  burning  hy- 
drogen are  raised  to  a  state  of  incandescence . 


Pig.  3,346.— Eiperir 
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nitted  along  the  win'so  ra^Iy'thU 
bustible  gases  combine  witS  taygen , 
vill  bfi  extiruniiBhed.    If  the  cotl  be 
sly.  the  Same  will  not  be  eitinauislied.    The  coolina  effect  is  also 
^  an  internal  fire  box  boiler  where  tbe  heat  of  the  fuel  lyins  next 
to  the  furnace  wsfla  is  transmitted  through  the  walls  to  ths  water  lo  nipiilly  that  the  fira 
becomes  "dead"  Blang  the  walti- 


the  temperature  will  fall  below 
that  is,  below  the  kindling  point .  and  here  the 
heated  to  redness  previouBly.  the  Same  will  nol 
■"      .ratedinthe  ■--^- 
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The  carbon,  in  due  time,  unites  with  the  oxygen  forming  carbon 
dioxide  or  carbon  monoxide. 

The  light  and  heat  produced  by  the  burning  of  the  coal  are  due 
to  the  collision  of  atoms  which  have  been  urged  together  by  their 
mutual  attractions.  During  the  process  the  hydrogen  unites 
with  the  oxygen  in  the  proportion  of  two  atoms  of  hydrogen  to 
one  atom  of  oxygen  to  four  of  water  (H2O). 

An  important  feature  of  the  process  of  combustion  is  the  chem- 
ical compounds  formed  by  the  combinations  of  carbon  and  hy- 
drogen. These  compoimds  are  called  hydro-carbons.  Those 
most  necessary  to  consider  are  methane  or  marsh  gas  (C  H4), 
having  a  heat  value  of  23,616  B.t.u.;  ethylene  or  olefiant  gas 
(Cj  H4)  having  a  heat  value  of  21,344£./.m.;  acetylene  (C2  Hj) 
having  a  heat  value  of  18,196  £.^ti.;  benzole  (Ce  He)  having  a 
heat  value  of  about  18,000  B.t.u.  If  these  gases  be  completely 
consumed  so  as  to  develop  the  nimiber  of  heat  units  given,  the 
products  will  be  carbon  dioxide  (C  O2)  and  water  (Hj  O).  The 
igniting  temperature  of  these  gases  varies  from  580  degrees  to 
667  degrees  C. 

Some  of  these  hydro-carbons,  such  as  marsh  ^  CH4  and  olefiant  gas 
CtHi,  burn  without  smoke,  while  others,  like  benzme  CeH«  and  naphthalene 
CioHs,  which  contain  a  very  large  proportion  of  carbon,  undergo  partial 
combustion,  and  a  considerable  (quantity  of  carbon,  not  meeting  with 
enough  heated  oxygen  in  the  vicinity  to  btma  it  entirely,  escapes  in  a  very 
finely  divided  state  as  smoke  or  sootf  which  is  deposited  in  the  chimney, 
mixed  with  a  little  ammonium  carbonate  and  small  quantities  at  other 
products  of  the  distillation  of  coal. 


Figs.  3,347  and  BJH^.—Text  continued. 

If:  1,  no  air  be  admitted  above  the  fuel  level  as  in  fig.  3, 347«  the  carbon  monoxide  w)iich 
is  a  combustible  ms  will  pass  up  the  chimney  unbumed  resulUng  in  a  ioee,  as  wiQl  Ise  indicated 
by  inserting  a  tube  in  the  stack  and  igniting  the  escaping  carbon  monoxide  with  a  noAtch; 
2,  when  air  ia  admitted  above  the  fueilevel  as  in  fig.  3,348,  the  oxygen  in  the  air  will  combine 
with  the^carbon  monoxide  already  heated  above  the  igniting  temperature,  causing  complete 
combustion  that  is.  burning  the  carbon  monoxide  to  carbon  dioxide,  as  indicated  by  attempt- 
ing to  i£[mte  the  gas  escapm^  from  the  tube.  It  will  not  ignite,  thus  showing  that  the  com- 
bustion IS  complete.  Admittmg  more  air  than  is  necessary  to  secure  complete  combustion 
results  in  a  loea* 
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When  the  gas  has  been  entelled  from  the 
coal  there  remains  a  mass  o£  coke  or  cindtr, 

which  bums  with  a  steady  glow  until  Oie 
whole  of  its  carboa  is  consumed,  and  leaves 
an  ash,  cooasting  of  the  mineral  substances 
present  in  the  coal. 

The  final  results  of  the  perfect  combtistion 
of  coal  would  be  carb^  dioxide,  water, 
nitrogen,  a  litOa  suli^ur  dioxide  and  asb. 

Ques.    What  other  names   are 
ftlren  to  carbon  dioxide  and  carb<ni 
'         monoxide? 

Alls.    Carbonic  add  and  carbonic 
D       oxide  respectively. 

Ques.      When    la    combustion 
complete? 

B —  Ans.    Wheo  the  combustible  unites 

with  the  grei^test  possible  amount  of 
oxygen,  as  when  one  atom  of  carbon 
unites  with  two  atoms  of  oxygen  to 
form  carbon  dioxide,  whose  diemical 
symbol  is  COt. 


^ 


\j  v^2— This  fas  is  some- 
times called  carbomc  anbydrid. 
It  is  heavy  and  colorless  with  a 
f         pungent  odor.    On  account  d 


Via.  33M.— Bmum  Bunier.    It  eonilmtr 
oft  ■null  tube  or  bnmcr  A»  which  is 

Cxd  innde  b UrgertubeB.  Thelatter 
hole  CC.  •  lilSa  below  the  lop  of  Ihe 
iH  tube.  The  current  of  Bu  *«.«ping  from  the  Bmall  tube  drawi  th«  air  in  throuah  ths 
a  CC,  >nd  pToduoei  what  i<  called  aa  imliutd  aittm  at  air  in  the  large  tube.  This  air 
m  tbnu^  the  hok*  CC,  and  i>  nuied  with  the  gai  m  the  tube  B.  and  ths  mixture  a- 
ned  at  D.  Tke  Oame  from  nicb  a  burner  giva  hardly  any  Indit.  but  the  beat  u  iatenie, 
1  ■tuwn  if  a  metal  wire  be  held  in  it  for  a  few  kcodIi.  It  will  glow  with  heat. 
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its  weight,  it  does  not  mix  readily  with  other  gases  or  the  air,  but  collects 
at  lowest  levels  as  near  the  floor  in  rooms.  It  does  not  support  combustion, 
nor  is  it  a  supporter  of  respiration. 

iP'brmerly  it  i^^  thought  that  carbon  dioxide  was  poisonous,  but  now  the 
opixlibn  is  that  it  causes  death  by  excluding  oxygen.  The  fact  that  it  is 
beneficial  to  the  system  if  taken- into  the  stomach  proves  that  it  is  not 
poisonous.     . 


Ques.    When  iA  cdmbustion  Incomplete  and  why? 


FLAME 


Pig.  3,350. — ^Experiment  showing  that  comhust^on  occurs 'Snly  at  the  surfcAc  of  an  ordinary 
fiame.  Insert  one  end  A,  of  a  small  open  tube  into  the  flame.  The  combtistible  gas  will  th«u 
escape  at  the  other  end  B.  and  can  be  lighted  with  a  match.* 

Ans .    When  the  combustible  does  not  unite  with  the  maximum 
amount  of  oxygen,  as  when  one  atom  of  carbon  tmites  with  brie 


*NOTB. — It  will  be  fotmd  that  the  fls^me  from  a  Bunsen  burner  is  considerablsrinore  intense 
than  that  of  an  ordinary  candle  or  gas  Duriiefr,  because  since  the  air  is  thoroughly  mixed  with  the 
gas  in  a  Bunsen  burner,  combustion  takes' place  throughout  instead  of  only  at  tHtf  surface. 
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atom  of  oxygen  to  form  carbon  monoxide,  whose  chemical  sym- 
bol is  CO.  The  combmstion  is  incomplete  because  the  carbon 
monoxide  (CO)  may  be  further  burned  to  carbon  dioxide  (COi) . 

This  gas  is  colorless,  without  taste  and  with  but  little  odor.  It  readily 
combines  with  oxygen  to  form  COi,  and  its  chief  property  is  its  p~— "■— 
nature.    It  is  the  deadly  caanstituent  of  water  gas. 


isaeoUBlly  desig- 

reservoira  sre  connectsd  with  two  bent  eIbss  tubes  passing  through  a  cork  into  an  ordinary 
Uinp  glau  c,  upon  the  upper  opening  of  which  wire  netting  ia  laid.*  The  hj-drogen  beins 
lighted  luid  th«  oxygan  turned  on  to  about  the  same  extent,  the  lamp  glass  is  placed  over 
me  cork.  wheiB  the  hydiDgen  bums  Kteadiiy.  Itthaoiygen  be  turned  almost  off,  the  flame 
will  grftduatly  leave  the  l^rogea  tube  and  come  over  to  the  oxygen  which  will  continue 
btiRung  in  the  atmosphere  of  bydiwen.  By  again  turning  on  the  oxygen,  the  fiame  may  be 
■BDt  over  to  the  h^dingen  tube.    With  a  little  care  the  flame  may  be  made  to  occupy  an 

coal  gM  and  oxygen. 

Ques.    What  causes  incomplete  combustion? 

Ans.     Insufficient  supply  of  air. 

*NOTE. — In  order  to  prevent  the  ends  of  the  glass  tubea  being  fused  by  the  bumine 
gases*  little  platinum  tubes,  made  by  rolling  up  pieces  of  pla^num  foil,  are  placed  in  the 
oriGces,  and  the  glass  is  melted  Bround  them  by  the  blow  pipe  flame. 
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If  too  Utile  air  be  admitted  to  the  fire  there  will  noi  be  enough  oxygen 
present  to  supply  two  atoms  of  oxygen  to  each  atom  of  carbon  Uberaied^hence 
carbon  monoxtde  will  be  formed  having  a  heating  value  of  only  4*4^0  BJ,u,, 
■instead  of  carbon  dioxide  which  has  a  heating  value  of  lifiOO  B,t,u. 

Thus  when  CO  is  formed  instead  of  COa  because  of  lack  of  air  supply, 
which  contains  the  necessary  oxygen,  there  will  be  a  loss  of  approximatdy 
69%  of  the  fuel. 

Oues.    What  results  when  too  much  air  is  supplied? 

Ans.  Since  carbon  cannot  combine  with  oxygen  in  any  greater 
ratio  than  two  atoms  of  oxygen  to  one  atom  of  carbon,  any 
excess  air  supply  simply  dilutes  the  gases  and  cools  the  furnace. 

Ques.  Are  steam  boilers  usually  operated  with  too 
much  air  supply? 

Ans.  Yes,  an  excess  supply  as  large  as  150%  is  not  uncom- 
mon, too  much  draught  being  as  a  rule  employed. 

Ques.    What  is  the  effect  of  heating  the  air  supply? 

Ans.     It  increases  the  rate  of  combustion. 

Ques.  What  are  the  objectionable  effects  of  the  nitro- 
gen contained  in  the  air  supply? 

Ans.  In  passing  through  the  furnace  without  change  it  di- 
lutes the  air,  absorbs  heat,  reduces  the  temperature  of  the 
product  for  combustion,  and  is  the  chief  source  of  heat  losses  in 
furnaces. 

Ques.    What  is  the  useful  effect  of  nitrogen? 

Ans.     It  prevents  too  rapid  combustion. 

Without  the  large  proportion  of  nitrogen  in  the  atmosphere,  the  latter 
would  be  so  rich  in  oxygen,  that  the  resulting  high  rate  of  carbonation  would 
l3um  out  the  grates. 
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Ques.    How  much  air  Is  required  for  combustion? 

Ans.  One  pound  o£  carbon  requires  2%  pounds  o£  oxygen  for 
its  complete  combustion  to  carbon  dioxide,  or  about  12  pounds 
of  air.    When  the  combustion  is  not  perfect  1  pound  oi  carbon 


y  beccnM  the  mptorlir  cfam- 

iT'sas.  "Turn  oo  the'^  at  B,  and  it  may  be  ligbted  at  C.    Now  if  ft  lifted  mstc^be 

quickly  thnut  up  the  tube  A,  the  ajr  which  eaten  it  will  tales  firs  and  burn  insidii  the  ^be. 

burned  to  carbon  monoxide  requires  IH   pounds  of  oxygen,  or 
about  6  pounds  of  air. 

It  bas  been  impressed  on  the  engineer's  mind  that,  theoreticatly,  coal 
requires  12  pounds  of  air  for  its  combustion  and,  in  practice,  50  per  cent  in 
excess  of  this,  or  18  pounds.  These  values  are  frequently  used  by  teachers. 
writers  of  engineering  articles  and  designers  of  various  apparatus  for  the 
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boiler  plant.  While  it  is  an  easily  refnembered  approximate  in  round  num- 
bers, the  "12  pounds  of  air  per  pound  of  coal"  does  not  hold  true,  as  can 
be  seen  in  the  first  coliunn  of  the  table,  since  the  theoretical  amotmt  of 
air  per  pound  of  coal  varies  between  7  and  a  little  over  11  pounds. 


Air  Required  for  Different  Fuels 


Fuel 

Air  theoretically 
required  per 
pound  of  coal 

Air  theoretically 

required  per 

10,000  B.t.u,, 

generated 

Illinois  bituminous,  poor  quality 

Illinois  bituminous,  good  quality 

Anthracite,  averasfe 

7.0 

9.4 

10.2 

11.2 

14.24 

7.6 

7.55 

7.65 

Semibituminous.  Pocahontas 

7.5 

Liquid  fuel 

7.04 

Let  the  ultimate  analysis  be  as  follows: 

Per  cent 

Carbon 74.79 

Hydrogen 4.98 

Oxygen 6.42 

Nitrogen i 1.20 

Sulphur 3.24 

Water 1.55 

Ash 7.82 


100.00 


When  complete  combustion  takes  place,  as  already  pointed,  out,  the 
carbon  in  the  fuel  unites  with  a  definite  amount  of  oicygep.  to  form  COi. 
The  hydrogen,  either  in  a  free  or  combined  state,  will  tmite  with  oxygen 
to  form  water  vapor ,  HjO .  Not  all  of  the  hvdrogen  shown  in  a  fuel  analysis , 
however,  is  avsdlable  for  the  production  of  heat,  as  a  portion  of  it  is  already 
united  with  the  oxygen  shown  by  the  analysis  in  the  form  of  water,  HjO. 
Since  the  atomic  weights  and  H  and  O  are  respectively  1  and  16,  the  weight 
of  the  combined  hyc&ogen  will  be  J^  of  the  weight  of  the  oxygen,  and  the 
hydrogen  available  for  combustion  will  be  H — }4  O,  In  complete  com- 
bustion of  the  sulphur,  sulphtu*  dioxide  SOt  is  formed,  which  in  solution  in 
water  fonns  sulphuric  add. 

Expressed  numerically,  the  theoretical  amount  of  air  for  the  above  analy- 
sis is  as  follows: 


.».  u 
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.7479  C  X  2?i  =  1.9944  O  needed 

^.0498-:^^  H  X  8«   .3262  O  needed 

.0324  S  X  1  »   .0324  O  needed 

Total    2.3530  O  needed 

One  pound  of  oxygen  is  contained  in  4.32  potinds  of  air. 

The  total  air  needed  per  pound  of  coal,  therefore,  will  be  2.353  X  4.32  = 
10.165. 

The  weight  of  combustible  per  pound  of  fuel  is  .7479+ .0418*+ .0324 -f 
.012  =  .83  pounds,  and  the  air  theoretically  required  per  pound  of 
combustible  is  10.165-^.83  =  12.2  pounds. 

The  above  is  equivalent  to  computing  the  theoretical  amount  of  air 
required  per  poimd  of  fuel  by  the  formula: 

Weight  per  pound  =  11 .52  C  +  34.56  (h — -g  )  +4.32  S      (10) 

where  C,  H,  O  and  S,  are  proportional  parts  by  weight  of  carbon,  hydrogen, 
'  oxygen  and  sulphtu*  by  ultimate  analysis. 

Ques.    Is  it  possible  in  practice  to  obtain  perfect  com- 
bustion with  the  theoretical  amount  of  air? 

Ans.     No. 

I'  ' 

An  excess  is  recjfuired,  amounting  to  sometimes  double  the  theoretical 
supply,  depending  upon  the  nature  of  the  fuel  to  be  burned  and  the  method 
of  burning  it.  Th&  reason  for  this  is  that  it  is  impossible  to  bring  each 
partide  of  oxygen  in  the  air  into  intimate  contact  with  the  particles  in 
the  fuel  that  are  to  be  oxidized,  due  not  only  to  the  dilution  of  the  oxygen 
in  the  air  by  nitrogen,  but  because  of  such  factors  as  the  irregular  thickness 
of  the  fire,  the  var3ring  resistance  to  the  passage  of  the  air  throu^  the 
fire  in  separate  parts  on  account  of  ash,  clinker,  etc. 


Ques.    Is  as  large  an  excess  of  air  required  for  oil  as  for 
coal? 

Ans.     No. 


♦NOTE,— Available  hydrogen. 
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Where  the  difficuMies  of  drawing  air  uniformly  throuf^  a  fud  bed  are 
eliminated,  as  in  the  case  of  burning  oil  fuel  or  £bs,  the  air  suj^y  may  be 
materially  less  than  would  b«  required  for  coal. 

Experiment  hae  shown  that  coal  will  usually  require  60  per  cent  more 
than  the  theoretical  net  calculated  amount  of  air,  or  about  18  pounds  per 
poimd  of  fuel  either  under  natural  <^  forced  draught,  though  this  amount 
may  vary  widdy  with  the  type  ctf  furnace,  the  nature  of  the  coal,  and  the 
method  of  firing. 


&t  Tiflht  anslei  to  the  burner  u  sfiown.  it  eonaM* 
a  tip  at  ons  end  and  an  enlugsment  >t  the  other  so 
3T  who  blom  through  the  enlarged  end.    In  og>0r^ 

>E  its  Q:tysen  would  have  been  conBunud),  but  from  the  mouth  by  the  action  of  the 
es.  The  ate  of  the  flame,  which  is  noD-lmninou9,  ia  much  diminished,  and  the  com' 
in  bein^  concentrated  into  a  anuiUer  ipace.  ^ie  temperature  must  be  mtnk  higher  at 
iveapoutof  the  flame.    /rutnwtfofMltlie  blow  pipe  flame  i*  aimilat  to  the  ordinarr 

'---'--  of  three  diaHnct  cone«     t,  tba  jmunnoal  cone  L.  is  filled  with  the  cool 

'    ~    '     '"  igBS:<.theiect)ndeoneA.esp«ia]lvatits  point  R.  ia  tensed 


»  flame  to  tiie  mataltic  state;  t.thet 
--■   --■---■  ■•ofoygenfr 
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If  less  than  this  amount  of  air  be  supplied,  the  carbon  bums  to  monoxide 
instead  of  dioxide  and  its  full  heat  value  is  not  developed. 

An  excess  of  air  is  also  a  source  of  waste,  as  the  products  of  combustion 
will  be  diluted  and  carry  off  an  excessive  amount  of  heat  in  the  chimney 
gases,  or  the  air  will  so  lower  the  temperature  of  the  furnace  gases  as  to 
delay  the  combustion  to  an  extent  that  will  cause  carbon  monoxide  to  pass 
off  imbumed  from  the  furnace. 

A  sufficient  amount  of  carbon  monoxide  in  the  gases  may  cause  the 
action  known  as  secondary  combustion,  by  igniting  or  mingling  with  air 
after  leaving  the  furnace  or  in  the  flues  or  stadc.  Such  secondary  combus- 
tion which  takes  place  either  within  the  setting  after  leaving  the  furnace 
or  in  the  flues  or  stack  always  leads  to  a  loss  of  efficiency  and,  in  some 
instances,  leads  to  overheating  of  the  flues  and  stack. 


Calculated  Theoretical  Amount  of  Air  Required  per  pound  ot 

Various  Fuels 


Fuel 

Weight  of  constituents  in  one 
pound  dry  fuel 

Air   required 
per  poimd 

Carbon 
per  cent 

Hydrogen 
per  cent 

Oxygen 
per  cent 

of  fuel 
pounds 

Coke 

94. 

91.5 

87. 

70. 

50. 

85. 

•  •  • 

3.5 
5. 
5. 
6. 
13. 

•  •  • 

2.6 

4. 
20. 
43.5 

1. 

10.8 

Anthracite  coal 

11.7 

Bituminous  coal 

11.6 

Lisnite 

8.9 

Wood 

6. 

Oil 

14.3 

Heating  Values  of  Fuels. — To  the  engineer  the  heating 
value  of  any  fuel  is  the  amount  of  water  it  will  evaporate;  that 
is  to  say  how  many  pounds  of  water  will  one  pound  of  fuel 
evaporate.  In  calculations  of  this  kind  the  result  is  brought 
down  to  a  comparative  basis  of  evaporation  from  and  at  212 
degrees  Fahrenheit ^  and  mean  atmospheric  pressure.  Under 
this  condition  one  pound  of  water  is  turned  into  steam  bv  the 
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addition  of  970.4  heat  units.  The  quantity  of  water  which 
can  be  evaporated  under  these  conditions  by  one  pound  of  pure 
and  dry  carbon  is  14.94  pounds.  As  a  heat  unit  is  equal  to  778 
foot  poiinds,  and  as  a  pound  of  carbon  contains  about  14,500 
heat  units,  the  heat  it  contains  would  be  eqtial  to  14,500  multi- 
plied by  778  =  1,281,000  foot  pounds. 

In  the  case  of  hydrogen,  one  pound  of  the  fuel  would  evapo- 
rate about  65  pounds  of  water. 


PsrCenlotEKedCarl 


Determination  of  the  Heating  Value.— The  heating  value 
of  a  fuel  may  be  determined  either  by  burning  a  sample  in  a 

calorimeter  or  by  calculation  from  a  chemical  analysis.  When 
accuracy  is  desired,  the  first  method  should  be  used,  as  it  is  defi- 
nitely known  that  coals  having  practically  the  same  ultimate 
analyses  show  a  difference  in  thermal  value  when  burned  in  a 
calorimeter.  This  difference  is  due  to  the  manner  in  ^lich  the 
elementary  constituents  of  the  fuel  are  combined  and  cannot 
be  determined  by  chemical  analysis. 
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When  the  heating  value  is  determined  by  calculation  from  a  chemical 
analysis,  the  calculation  should  be  based  on  ..an  ultimate  analysis,  whidi 
reduces  the  fuel  to  its  eletiientary  constitiients  of  carbon,  hydrogen,  oxyged, 
nitrogen,  sulphur,  rash  and  moisture,  to  secure  a  reasoi^ble  dciigree  of 
accuracy.  ,  .     .      .  ^ 

r.  .'.  ^     ■?..:>.  i     ■■   '       ■■■'.,      ;■      .  '■ : 

A  proximate  analysis,  which  determines  only  the  percentage  of  mois^ 
ture,  fixed  carbon,  volatile  matter  and  ash,  without  determining  the  ulti- 
mate composition  of  the  volatile  matteFy  cannot  .he  used  for:  computing 
the  heat  of  combustion  with  the  same  degree  of  accuracy  as  an  ultimate 
analysis,  but  estimates  may  be  based  on  the  ultimate  analysis  that  are 
fairly  correct.  .     .  ,  .  .  ^      .  . 

An  ultimate  analysis  requtfes  the  services  of  a  competent  chemist, 
and  the  methods  to  be  employed  in  such  a  determination  will  be  found  in 
any  standard  book  on  engiiveedng  chemistry^  Jpi  tiltinuite  adjal]^^^^  wbfle 
resolving  the  fuel  into  its  elemdntaty  donstituehti,  does  not  reveal  how 
these  may  have  been  combined  in  ihe  fu^'.  '^Tbe.  manner  of  theii*  eombiiia- 
tion *un4otibt;edl^. has  a., direct  effect  upon  thetfc|^pfifi<s  Value,  as  fuels 
having 'almost  identical*  tiltimate  analyses  show  a  difference  in  .heating 
value  when  tested  in  a  calorimeter.  Such  a  difference,  howeve^,  is  slight, 
and  very  close  approximations  may  be  domt>ut«^  &qm^the  ultimi^te  ai^^sis. 

Ultimate  analyses  are  given  on  both  a  moist  and  a  dry  fuel  basis*  Inas- 
much, as.  |he  latter  is  the  basis  gener^y  s^ccepted  for  the  companispn  of 
dkisL,  it  would  appear  that  it  is  the  best  bases' on  which  to  rfejwrt  feuch  an 
analysis.  When  an  analysis  is  given  on  a  moist  fuel  basis  it  may  be  readily 
cpnyefted  to  a  .dry ^basis  \>y  dividing  the. percentages  of  the  various  con- 
stituents "by  one  nlinu^  the  percentage  of  moisture,  reportiiig  the  moisture 
content  separately.' 


Carbon  (C)... 
Hydrogen  (H) 
Oxygen  (0) . . . 
Nitrogen  (N). 
Sulphur  (S)... 
Ash 


Moisture 

100.00 


Moist  fuel 

,  Dry)iuel 

S3.96 

84.46  . 

4.23 

4.26 

3.02 

3.04, 

1.27 

1.28 

.91 

.91 

6.03 

6.07 

100.00 

.69 

.69 

»v 


Calculations  from  an  Ultimate  Analysis. — ^The  first 
formula  for  the  calculation  of  heating  values  from  the  composi- 
tion of  fuel  as  determined  from  an  ultimate  analysis  is  due  to 


1,864  COMBUSTION 


Dulong,  and  this  formula,  slightly  modified,  is  the  most  com- 
monly used  today.  Other  formulae  have  been  proposed,  some 
of  which  are  more  accurate  for  certain  specific  classes  of  fuel, 
but  all  have  their  basis  in  Dulong*s  formula,  the  accepted  modi- 
fied form  of  which  is: 

The  heating  value  per  pound  of  dry  fuel  is 


(-^) 


J5.Mi.  =  14,600  C+62,000  I  H-^  I  +  4,000  S 

where  C,  H,  O  and  S  are  the  proportionate  parts  by  weight  of 
carbon,  hydrogen,  oxygen  and  sulphur. 

Assume  a  coal  of  the  composition  given.  Substituting  in  this 
formula  (18), 

Heating  value  per  pound  of  dry  coal 

«14,e00  X  .8445+62,000  (.0426— ^i^) +400  X  .0091 « 16,093 B./.tt. 

This  coal,  by  a  calorimetric  test,  showed  14,843  BJ.u,,  and  from  a 
comparison  the  degree  of  accuracy  of  the  formula  will  be  noted. 

Tlie  investi^tion  of  Lord  and  Haas  in  this  country,  Mahler  in  France, 
and  Bunte  in  Germany,  all  show  that  Dulong's  formula  gives  results  nearly 
identical  with  those  obtained  from  calorimetric  tests  and  may  be  safety 
applied  to  all  solid  fuels  except  cannel  coal,  lignite,  turf  and  wood,  provided 
the  ultimate  analysis  be  correct.    This  practically  limits  its  use  to  coal. 

The  limiting  features  are  the  presence  of  hydrogen  and  carbon  united 
in  the  form  of  hydrocarbons.  Such  hydrocarbons  are  present  in  coals  in 
small  quantities,  but  they  have  positive  and  negative  heats  of  combination^ 
and  in  coals  these  appear  to  offset  each  other,  certainly  sufficiently  to  apply 
the  formula  to  such  fuels. 

^Determination  of  Air  Required  for  Combustion. — ^Each 
combustible  element  in  fuel  will  unite  with  a  definite  amount  of 


*NOTB.— Pxom  Baboock  &  Wilcox's  book  entitled  **Steani." 
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oxygen.  With  the 
ultimate  analysis  of 
the  fuel  known,  in  con- 
nection with  the  table 
here  given,  the  theo- 
retical amount  of  air 
required  for  combus- 
tion may  be  readily 
calculated. 
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''Available*'  Heat^ 
lug  Value.— The  heat- 
ing  value  of  hydrogen 
has  been  given  as  in 
round  numbers,  being 
62,000  B.t.u.  The 
exact  figures  are  given 
higher  or  lower  by 
different  authorities, 
but  the  higher  figures 
seem  to  have  the  sanc- 
tion  of  the  U.  S. 
Government  in  making 
coal  tests,  or  62,032, 
the  amount  given  by 
Favre  and  Silberman. 

That  it  will  not  pay 
to  decompose  the  hy- 
drogen in  water  for 
the  purpose  of  burning 
it  as  fuel  can  be  clearly 
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perceived  by  a  study 
of  the  process  of  de- 
composition  that 
takes  place. 

If  nine  pounds  of 
water  which  would 
result  from  the  burn- 
ing of  one  pound  of 
hydrogen  and  the  giv- 
ing off  of  62,000  heat 
units,  the  water  being 
cooled  to  the  temper- 
ature of  the  air,  be 
passed  into  a  hot 
furnace,  it  will  be  de- 
composed into  eight 
pounds  of  oxygen  and 
one  pound  of  hydro- 
gen .  The  energy  con- 
sumed in  doing  this 
work  will  equal 
62,000  heat  units, 
which  win  be  ab- 
sorbed from  the  htot 
of  the  ftimace.  The 
so  called  available 
heating  value  of  it  is 
obtained  as  follows: 
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Example — If  one  pound  of  hydrogen  to  be  burned  in  just  enough  au- 
to supply  8  pounds  of  oxygen,  the  hydrogen  and  air  be  suppliai  at  62", 
and  the  products  of  combustion  escape  at  212  °F.,  what  is  the  net 
available  heating  value? 

B.t.u.         B.t,u. 
Total  heating  value  of  1  pound  of  hydrogen 62,000 

Heat  lost,  latent  of  9  poimds  of  water  at  212 **P.  = 

970.4X9  8,733.6 

Nine  pounds  of  water  heated  from  62"F.  to  212°?..      1,349.3 

Nitrogen  with  8  pounds  oxygen  heated  from  62  ®F. 

to  212*^P.  =  8X3.32X160X  .2438  (specific  heat)  971         11,063.9 

Net  available  heating  value 11,053.9      50,946.1 

Example — ^If  the  air  supply  be  double  that  required  to  effect  the  com- 
bustion of  the  hydrogen,  the  other  conditions  being  the  same  as  in  the 
first  example,  what  is  the  net  heating  value? 

BJ,u. 

Net  available  heating  value  (from  example  1) 50,946.1 

Excess  air  8X4.32  pounds 

S./.tt. 
Heat  loss  due  to  excess  air  4.32*X  150X  .2375t  =  1,231  1,231 

Net  heating  value  (including  loss  by  excess  air) 59,715.1 

•NOTE. — 4.32  is  the  proportion  of  air  to  oxygen  by  weight; 
tNOTE. — J2375  is  the  specific  heat  of  air. 

Example — If  with  double  air  supply  the  products  dt  combustion  escape 
at  562°,  what  is  the  total  loss  and  net  available  heating  value? 

B.Lu.         BJ.u. 

Total  heating  value  of  1  pound  of  hydrogen 62,000 

Nine  pounds  of  water  heated  from  62°F.  to  212**P..  1,349.3 
Latent  heat  of  9  pounds  of  water  at  212**?.    = 

970.4X9 : . . . .  8,733.6 

Degrees  of  superheat  =  562—212=350. 

Superheated  steam,  9X350X  .48* 1,512 

Nitrogen,  26.56X350X  .2438t 3,238 

Excess  air  34. 56 X 350 X. 2375 4,104 

Total  loss , 18,936.9      18,936.9 

Net  available  heating  value. 43,063.1 

» 


*NOTB. — Specific  heat  of  superheated  steam. 
tNOTE. — Si)ecific  heat  of  nitrogen. 
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High  and  Low  Heat  Value  of  Fuels. — In  any  fuel  contain- 
ing, hydrogen  the  calorific  value  as  found  by  the  calorimeter  is 
higher  than  that  obtainable  under  most  working  conditions  in 
boiler  practice  by  an  amount  equal  to  the  latent  heat  of  the  vola- 
tilization of  water.  This  heat  would  reapt)ear  when  the  vapor 
was  condensed,  though  in  ordinary  practice  the  vapor  passes 
away  uncondensed.  This  fact  gives  rise  to^a  division  in  heat 
values  into  the  so-called  **higher"  and  "lower"  calorific  values. 

The  higher  value,  ^'.  ^.,  the  one  determined  by  the  calorimeter, 
is  the  only  scientific  unit,  is  the  value  which  should  be  used  in 
boiler  testing  work,  and  is  the  one  reconunended  by  the  American 
Society  of  Mechanical  Engineers. 

There  is  no  absolute  measure  of  the  lower  heat  of  combustion,  and  in 
view  of  the  wide  difference  in  opinion  arnon^  physicists  as  to  the  deductions 
to  be  made  from  the  higher  or  absolute.unit  in  this  determination,  the  lower 
^^ue  must  be  considered  an  artificial  tmit.  The  lower  value  entails  the 
use  of  an  ultimate  analysis  and  involves  assumptions  that  would  make  the 
emplo3maLent  of  such  a  imit  impracticable  for  commercial  work.  The  use 
of  the  low  value  may  also  lead  to  error  and  is  in  no  way  to  be  recommended 
for  boiler  practice. 

An  example  of  its  illogical  use  may  be  shown  by  ik»  consideration  of  a 
boiler  operated  in  connection  with  a  special  economizer  where  the  vapor 
produced  by  hydrogen  is  partially  condensed  by  the"  economizer.  If  the 
low  value  were  used  in  computing  the  boiler  efficiency,  it  is  obvious  that 
the  total  efficiency  of  the  combing  boiler  and  economizer  must  be  in  erroi 
through  crediting  the  combination  with  the  heat  imparted  in  condensing 
.    the  vapor  and  not  charging  such  heat  to  the  heat  value  of  the  coal. 

Heating  Value  of  Gaseous  Fuels. — ^The  method  of  com- 
puting calorific  values  from  an  ultimate  analysis  is  particularly 
adapted  to  solid  fuels,  with  the  exceptions  already  noted.  The 
heating  value  of  gaseous  fuels  may  be  calculated  by  Dulong's 
formula  provided  another  term  is  added  to  provide  for  any  car- 
bon monoxide  present . 

Such  a  method,  however,  involves  the  separating  of  the  con- 
stituent gases  into  their  elementary  gases,  which  is  oftentimes 
difiRcult  and  liable  to  simple  arithmetical  error. 


COMBUSTION 


COMBUSTION 


1,871 


As  the  combtistible  portion  of  gaseous  fuels  is  ordinarily  com- 
posed of  hydrogen,  carbon  monoxide  aiid  certain  hydrocarbons, 
a  determination  of  the  calorific  value  is  much  more  readily  ob- 
tained by  a  separation  intd  their  constituent,  gases  and  a  compu- 
tation of  the  calorific  value  from  a  table  of  Such  values  of  the  con- 
stituents. 

The  accompanying  table  gives  the  calorific  value  of  the  more 
common  combustible  gashes,  together  with  the  theoretical  amount 
*of  air  required  for  their  combustion . 


Weight  and  Heating  Value  of  Various  Gasses  at  3^  F*  and  Atmos- 
pheric Pressure  with  Theotetical  Amount  of  Air  Required 

for  Combustion 


f  • 
Gas    J-t* 

Symbol 

1 

Cubicfeet 

of  gas 
per pound 

BUM. 

per 

poimd 

BJ.u, 

per 

cubic 

foot 

Cubicfeet 
of  air 
requited 

perpotind 
of  gas . 

Cubicfeet 

of  air 

required 

per  cubic 

foot  of  gas 

Hvdrofiren 

H 
^    CO 
CH* 

OH* 

177.90 
12.81 
22.37 
13.79' 
12.80 
11.94 

,62000 
;  4450 
23550 
21465 
21440 
22230 

349 
347 
1053 
1556 
1675 
1862 

.  428.25' 
30.60 
214.00 
164.87 
183.60 
199.88 

2.41 

Carbon  monoxide. . . 
l^ethane 

2.3 
9.57 

Acetvlene 

11.93 

Olefiant  gas 

Ethane 

14.33 
16.74 

Example — ^Assume  a  blast  furnace  gas,  the  analysis  of  which  in  per- 
centages by  weight  is,  oxygen =2.7,  carbon  monoxide  =  19.5,  carbon 
dioxide  =  18.7,  nitrogen =59.1.  Here  the  only  combustible  gas  is  the 
carbon  monoxide,  and  the  heat  value  will  be, 

.195  X  4.350  =848.25  3./.«.  per  pound. 

The  net  volunite  of  air  required  to  bum  one  pound  of  this  gas  will  be, 

.195  X  30.6  =  5.967  cubic  feet. 
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Example^— Assame  a  natural  gas,  tbe  analysis  of  which  in  ^p^centazcs 

Sr  voliime  ia  iwygen  —  .40,  carbon  ffloiioxide~.95,  carbon  dionde'>.34f 
efiant  gas  (CH*)  =  .66,  ethane  (CH')=3.55,  marsh  gas  (CH*)-72.15 
and  hydT0gen=21.95.  All  but  the  oxygen  and  the  carbon  dioxide  are 
ooinbiistibles,  and  the  beat  per  cubic  foot  will  be. 


c.  3,3S7. — PerwnUae  eurvm  of  volatilB  matter  (rom  diSamit  coila  at  vmrioiu  tcmpentnm. 

From  CO  -  .0005  X     339  -      3.22 

C?H'  -  .0066  X  l,flJ6  -    11.06 

OH<  -  .0355  X  1,S69  -    65.99 

CH*  -.7215X1,060-757.58 

H  -  .2105  X     346  -    76.05 


Bj.u.  per  cubic  foot  013.79 
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The  net  air  required  for  combustion  of  one  cubic  foot  of  the  gas  will  be, 
CO  -  .0095  X  2.39  -  .02 
cm*  =  .0066  X  14.33  -  .09 
CH»  -  .0355  X  16.74  =  .59 
CH'  -  .7216  X  9.57  -  6.90 
H         -  .2195  X    2.41  -    .63 

Total  net  air  per  cubic  foot  8.13 

Proxllliate  Analysis. — The  proximate  analysis  of  a  fuel  gives 
its  proportions  by  weight  of  fixed  carbon,  volatile  combustible 
matter,  moisture  and  ash.  The  following  method  of  making' 
such  an  analysis  which  has  been  fround  to  give  eminently  satis- 
factory results: 


lion  cniciUa  for  mdividuRl  use  of  the  UboTstory  sludent,  or  for  general  eiperimentlDK-  It 
mmy  ba  used  eqUBlly  well  as  an  open  crucible,  a  cloied  crucible,  or  a  retoit:  and  being  ot 
thia  metal,  is  euily  brought  to  a  red  heat  in  the  flame  of  an  oldiaaiy  buraei.  All  vaita  inter- 
chansuUe.    CaMcitr,  about  1^  ounce. 

Ftou  the  coal  sample  obtained  on  the  boiler  trial,  an  average  sample  of 
ajnircmmatety  40  srama  is  broken  up  and  weighed.  A  good  means  of 
reducing  such  a  sample  is  passing  it  through  an  ordinary  coffee  mill.  This 
sample  should  be  placed  in  a  double-walled  air  bath,  which  should  be  kept 
at  aji  approximately  constant  temperature  of  105  degrees  centigrade,  the 
sample  being  weighed  at  intervals  until  a  minimum  is  reached.  The  per- 
centage of  moisture  can  be  calculated  from  the  loss  in  such  a  drying. 

For  the  determination  of  the  remainder  of  the  analysis,  and  the  heating 
value  of  the  fuel,  a  portion  of  this  dried  sample  should  be  thoroughly  pul- 
verized, and  if  it  is  to  be  kept,  should  be  placed  in  an  air-tight  receptacle. 
One  gram  of  the  pulverized  sample  should  be  weighed  into  a  porcelain 
crucible  equipped  with  a  well  fitting  lid.  This  crucible  should  be  supported 
on  a  platinum  triangle  and  heated  for  seven  minutes  over  the  full  flame  of 
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a  Bunsen  bumer.  At  the  end  of  such  time  the 
sample  should  be  placed  in  a  desiccator  containing 
caldum  chloride,  and  when  cooled  ^ould  be 
weighed.  Ftom  the  loss  the  percentage  of  volatile 
combustible  matter  may  be  readily  calculated. 

The  same  sample  from  which  the  volatile  matter 
has  been  driven  should  be  used  in  the  determination 
of  the  percentage  of  ash.  This  percentage  is  ob- 
tained by  burning  the  fixed  carbcm  over  a  Bunsen 
bumerorin  a  muffle  furnace.  The  burning  should 
be  kept  up  until  a  constant  weight  is  secured,  and  it 
may  be  assisted  by  stirring  with  a  platinum  rod. 

Hie  weight  of  the  residue  determines  the  per- 
centage of  ash,  and  the  percentage  of  fixed  carbon 
is  eadly  calculated  from  the  loss  during  the  deter- 
mination of  ash  after  the,  volatile  matter  has  been 
driven  off. 

Proximate  analyses  may  be  made  and  repeated 
on  a  moist  or  dry  basis.  The  dry  basis  is  that 
ordinarily  accepted.  The  method  of  converting 
from  a  moist  to  a  dry  basis  is  the  same  as  described 
in  the  case  of  an  ultimate  analysis.  A  proximate 
analysis  is  easily  made,  gives  information  as  to  the 
general  characteristics  of  a  fuel  and  of  its  weiaitBt 
heating  value. 


Fic.  3381.— The  eandla  Ainu.    It  is  teen  to  coniist  of  thne 


..._  olmoat  black;  2,  the  next  ermtting  a  bright  white  light. 

slid  3,  the  outecmoEt  being  so  pale  as  to  be  Bcarcely  vwble 

in  braod  daylight;  then  is  also  appamit  a  bright  blue  cup 

sufToundiiig  the  base  of  the  flame.    I ,  The  darlc  innermoGt 

eooe  coosiata  of  the  gaseooa  combustible  to  which  the  air 

)e»notpeMtrale,anilwhii:h,therefore,isnot  inaBtateof  combustio^  Z.  In  the  Beeoniior 

minoue  cone  combustion  is  proceedinR.  but  It  a  by  no  means  perfetl,  being  attended 

r  the  teparation  of  a  quantity  of  carbon,  which  causes  luminosity  upon  the  part  of  the 

line.    The  presence  of  frw  carbon  is  shown  by  depressing  a  piece  o(  porceUin  upon  tbia 

ae  when  attack  film  of  soot  ia  deposited.    The  liberation  of  the  carbon  h  due  to  the  de- 

imposition  of  the  hydrocarbons  by  the  heat,  which  separates  the  carbon  from  the  brdiv 

n,  and  this  latter,  undergoing  combusUon  evolves  sufficient  heat  to  rawe  the  Bmnttd 

rbon  to  a  white  heat,  the  supply  of  au-  which  penetrates  ■■"-  *>—  ~."™  'J  "•-  « 


termed  the  cone  of  perfect 
Bupply  of  air  to  the  eiter 
speedily  effected;  4,  the  blight  bl 
the  perfect  comhustioa  (without  i 
carbons  owing  to  the  complete  ad 
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Flame. — ^Visible  flame  consists  of  combustible  gas  heated  to 
an  intense  heat.  If  it  come  in  contact  with  a  supply  of  air  in  a 
chamber  where  the  temperature  is  sufficiently  high,  it  will  burn, 
but  if  cooled  before  coming  in  contact  with  the  air  supply  it  will 
escape  in  an  unbtimed  state  as  gas  or  smoke.  The  product  :Of 
perfect  combustion  is  invisible.  The  product  of  the  perfect 
combustion  of  carbon  is  invisible  carbonic  acid.  The  produ'ct 
of  the  perfect  combustion  of  hydrogen  is  invisible  water  vapor. 

As  carbon  is  the  principal  constituent  of  coal  the  state  of  the 
combustion  in  the  furnace  is  determined  very  closely  by  deter- 
mining the  amotmt  of  carbonic  acid  in  the  flue  gases. 

It  is  considered  that  when  fresh  coal  is  fired  into  a  hot  furnace 
that  the  first  process  which  takes  place  is  the  evaporation  of  the 
moistiire  in  the  coal  into  steam.  This  results  in  the  decomposi- 
tion of  more  or  less  of  the  steam  in  contact  with  the  carbon  into 
hydrogen  and  carbonic  oxide.  Also  some  of  the  carbonic  acid 
formed  by  union  of  oxygen  with  coal  may  be  decomposed  into 
carbonic  oxide.  These  two  processes  both  have  a  tendency  to 
cool  the  furnace.  The  volatile  naatter  is  then  distilled  off  and 
burned  if  the  temperature  of  the  furnace  be  high  enough,  and 
the  air  supply  be  sufficient. 

If  then  the  temperature  and  air  supply  be  maintained,  the  coal 
or  coke  remaining  is  consumed  except  such  mineral  or  earthy 
matter  in  it  that  is  not  combustible. 

Smoke. — By  definition  smoke  is  a  term  applied  to  all  the 
products  of  combustion  escaping  from  the  furnace  whether  visible  or 
invisible .  It  is  popularly  and  erroneously  restricted  to  the  visi- 
ble product  of  combustion. 

Ques.    What  are  the  black  particles  in  smoke? 

Ans.     Solid  carbon. 
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Ques.    What  does  colored  smoke  Indicate? 

Ans.     Imperfect  combustion. 

Most  of  the  coals  used  as  fuel  in  boiler  furnaces  contain  substances  that 
distill  at  low  temperaturea  and  are  released  when  the  coal  is  heated.  These 
substances  are  commonly  known  as  volaiiie  matUr. 


particles  being  called  amolce.    This 

i»nl'.    Th 

LStionof  thehydro^n,] 


.     .     .    .  .     in  be  illustrated  by  cuttmK  a 

ordinary  Has  burner.    Now, light  the  ns  and 

irf.    The  flame  wia  at  once 


fj  being  burned,  AS ,,.. .^^. 

the  flame  by  the  chimney,  they  escape  unconaumed  in  the  fotm  of  black  powder  or  soot.  If 
the  chimney  be  raised  trooi  the  card,  as  in  fig.  3.363.  so  as  to  permit  air  toenterspacebetwHn 
them  at  the  bottom  of  the  chimney,  as  indicated  by  thearroKS,  and  supply  the  flame  with 
oiygen,  the  smoke  will  cease,  as  the  particles  of  carbon  are  then  consume .  The  same  prin- 
ciple is  illustrated  in  an  ordinary  kerosene  lamp.  It  is  well  known  that  without  a  chimney  the 
flames  of  neatly  all  such  lamps  smoke  inlokrably,  whereas  with  a  glass  chinmey  and  the  pecn- 
liarlv  formed  deflector  whic^  euiTound!  the  wick,  the  light  bums  without  tmoks  unless  the 
wick  is  turned  up  high.  The  effect  of  the  chimney  is  to  produce  a  diBugfat  which  il  thlDWIl 
against  the  flame  by  the  defleclor.  and  thus  a  sufficient  supply  of  oiygen  is  furaishedt*  con- 
sume all  the  particles  of  carbon,  whereas,  without  ' -'^- -..-— v^.... .,.- 

supply  of  oiygen  is  insufficient  to  ignite  all  the  i 


t,  however,  be  hastily  auumed  that  if  the  flama  do  not  giiv 

'fthehyf^ 

n  the  hydrogen  it  immediately  assui 


a  bright  light,  therefore  the  combustion  ia  not  complete.    As  has  already  been  itated.  the 
light  of  the  gas  flame  is  due  to  the  presence  of  burning  particles  of  tolid  carbcni,  whicb  it 
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The  volatile  matter  (this  term  does  not  include  the  moisture),  consists 
of  hydro-carbons  which  differ  primarily  in  the  temperatures  at  which  they 
boil  (distill),  and  in  their  ignition  temperatures. 

Fvirthermore,  the  lighter  volatiles  remain  in  a  gaseous  state  when  they 
are  cooled.  Tlie  heavier  ones  such  as  tar  vapors,  have  a  tendency  to 
dissociate  at  certain  temperatures,  liberating  the  carbon  particles.  If 
sufficientlv  high  temperatures  prevail  in  the  combustion  diamber,  and 
these  carbon  particles  come  into  contact  with  free  oxygen,  they  btim 
completely. 

The  incandescence  of  the  highly  heated  carbon  particles  before  their 
complete  combustion  produces  the  luminosity  of  the  flame.  If,  however^ 
oxygen  be  lacking  in  the  combustion  chamber,  or  if  the  oxygen  do  not 
come  into  contact  with  the  carbon  x>articles  before  the  temperature  drops 
below  the  ignition  point,  incomplete  combustion  takes  place  and  the 
tmbumed  carbons  pass  off  as  smoke. 

Ques.  Upon  what  does  the  smoke  producing  tendency 
of  coals  depend? 

Ans.  Since  the  various  hydrocarbons  differ  in  their  readiness 
to  dissociate,  the  smoke  production  of  coal  depends  upon  the 
nature  rather  than  upon  the  volume  of  the  volatile  content. 

Some  coals,  despite  their  relatively  high  percentage  of  volatile  matter, 
do  not  tend  to  produce  smoke  as  readily  as  others  with  less  volatile  content, 
sudi  as  lignites. 

Ques.  Is  black  smoke  an  indication  of  greatly  reduced 
economy? 

Ans.    No, 

The  erroneous  opinion  prevails  that  black  smoke  contains  a  large  amotmt 
of  combustible  matter  and  that  it  is  a  sign  of  considerable  waste.  The 
most  dense  smoke  does  not  commonly  contain  more  than  ^  of  1  per  cent 
of  the  combustible  fired. 

The  extreme  fineness  and  the  distribution  of  the  carbon  particles  bestow 
upon  them  a  high  coloring  power.  The  carbon  particles  producing  visible 
smoke  are  not  derived  from  a  lifting  of  fixed  or  solid  carbon  from  the 
grates,  but  they  are  formed  from  gases  during  the  combustion  process. 

Ques.    How  do  the  losses  due  to  black  smoke  compare 
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with  those  due  to  incomplete  combustion  or  excessive  air, 
which  generally  accompany  combustion  without  visible 
smoke? 

Ahs.    They  are  negligible. 

Ques.    What  is  the  effect  when  the  air  supply  does  not 
thoroughly  mix  with  the  gases  from  the  fuel? 

.  Ans.    It  causes  slower  combustion,  resulting  in  a  longer  flame. 

For  instance,  if  the  glass  chimney  be  removed  from  the  drcular  burner 
of  a  kerosene  lamp  a  long,  smc^  flaniie  is  produced,  but  when  the  chimney 
is  replaced  the  fl^e  bea)mes  short  and  clear.  The  reason  for  this  is  that 
the  chimney  produces  a  draught.  That  is,  it  creates  a  higher  air  velocity, 
and  effects  a  good  mixture  of  air  and  combustible  gas. 

The  flame  post  over  the  bridge  wall  in  a  boiler  furnace  may  be  designed 
to  achieve  a  similar  effect.  .    , . 

Ques.    How  can  the  hyrdo-carbon  gases  be  completely 
and  smokelessly  burned? 

Ans.    By  admitting  and  thoroughly  mixing  sufficient  air  before 
the  gases  are  cooled  below  a  certain  temperature. 

Applying  these  i)rinciples  to  the  combustion  of  yolatil^s  in  the  boiler 
furnace,  the  following  requirements  must  be  met  to  effect  complete  and 
smOkek^  combustion. 

1.  Introduction  of  the^proper  amount  of  air  to  secure  complete  com- 
bustion. 

2.  Effective  and  early  admixture  of  air  and  volatiles. 

3.  Sufficiently  high  temperatures  in  the  combustion  zone. 

The  complete  fulfillment  of  these  three  cardinal  conditions  of  smokeless 
combustion  is  rather  difficult  to  obtain  in  the  boiler  furnace,  especially 
the  second  requirement.  Undue  consideration  is  generally  given  to  the 
maintenance  of  high  temperatures  in  the  combustion  space,  in  the  majority 
of  cases  insufficient  air  and  particularly  incomplete  mixture  are  the  causes 
of  smoke  products.  This  is  especially  true  where  bituminous  coals  aie 
burned. 

If  care  be  taken  to  effect  an  early  and  complete  mixture  of  sufficient  air 
with  the  combustible  gases,  satisfactory  combustion  can  be  obtained 
in  furnaces  that  are  completely  surrounded  by  heating  surfaces. 
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Ques.  As  long  as  there  are  combustible  gases  in  the 
furnace  is  a  reasonable  amount  of  excess  air  objectionable  ? 

Ans.    No. 

The  cooling  of  the  flame  through  moderate  air  admission  above  the  flame 
need  not  be  feared.  In  fact,  air  must  be  jwovided  above  the  grates  to 
complete  combttstion,  because  generally  the  amount  of  air  admitted 
through  the  grates  is  constmied  in  the  fuel  bed. 

Ques.  What  is  the  effect  of  the  heat  storing  and  re- 
fractory properties  of  arches  and  piers  in  the  combustion 
chamber? 

Ans.  They  decrease  the  effici^cy  of  the  furnace  and  have  a 
questionable  influence  upon  the  conapleteness  of  combustion. 

The  effect  of  such  contrivances  must  be  judged  only  by  their  ability  to 
effect  or  prevent  the  thorough  mixture  of  air  and  combustible  gases.  To 
achieve  trdSj  their  location  must  be  at  the  point  of  origin  of  flame  develop- 
ment; that  18,  at  or  near  the  bridge  wall. 

Taking  into  consideration  the  fact  that  the  absorption  of  heat  by  a  surface 
through  direct  radiation  is  decidedly  greater  than  the  convection  of  heating 
surfaces  ih  contact  with  the  non-illmninant  fuel  gases,  the  exposure  of  the 
greatest  possible  amount  of  heating  surface  to  the  luminous  flame  is  of 
prime  importance  to  the  economy  of  the  boiler  plant.  Bearing  this  in 
mind,  efforts  must  be  directed  to  achieve  the  desired  results  with  as  little 
refractorv  brickwork  as  possible,  as  otherwise  the  success  in  smoke  abate- 
ment will  be  gained  at  the  cost  of  efficiency.  This  is  of  greater  importance 
in  the  hand  m-ed  furnace  than  in  the  stoker  furnace  with  continuous  feed. 

Ques.  How  should  the  combustion  chamber  be  pro- 
portioned for  burning  bituminous  coals? 

Ans.    It  should  be  extra  large. 

Provision  must  be  made  to  control  the  air  supply  above  the  fuel  so  as  to 
supply  additional  oxygen  to  complete  the  combustion. 

In  admitting  air  above  the  fuel,  tmless  it  can  be  supplied  at  the  right 
time  and  place,  and  in  the  right  quantity,  it  may  prove  a  worse  evil  than 
the  smoke  itself  by  lowering  the  temperature  of  the  gases  in  the  furnace 
to  a  point  below  which  ignition  will  not  take  place. 
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Ques.    How  is  smoke  classified  with  respect  to  intensity  ? 

Ans.     By  dividing  it  into  several  shades,   or  comparing  it 
with  a  smoke  chart. 


Classification  of  Smoke. — ^According  to  numeroias  authori- 
ties, the  best  scale  to  adopt  seems  to  be  one  having  five  shades: 

1.  White  transparent  vapor. 
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showing  how  the  density  of  sraoke  var 


th  thepeicentaae  of 


2.  Light  brown  smoke. 

3.  Brownish  gray  smoke. 

4.  Dense  smoke. 

5.  Thick  black  smoke. 

The  personal  equation  enters  largely  into  the  determination 
of  the  shade  of  smoke  as  must  be  evident. 
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Furnace  Temperature. — The  theoretical  temperature  of  a 
furnace  can  be  calculated  by  dividing  the  heat  units  produced 
by  the  combustion  of  the  fuel  by  the  weight  of  the  gases  multi- 
plied by  their  respective  specific  heats. 

If  carbon  were  burned  in  the  theoretical  amount  of  pure  oxygen 
necessary  for  complete  combustion  and  all  the  heat  developed  in 
raising  the  temperature  of  the  resulting  gases  utilized,  a  tempera- 
ture of  18,000**  Fahr.  would  be  obtained. 


Jl 


tK.S.  3,3S6  to  3,370. — RinaelniBim  icale  for  Blading : 

■heels  niled  with  Vertical  and  horixontal  lines  (onmiui 

line  1  mm  thick  and  mc-"  " '■•-  "-   ~  "  '  — 

lines.  6.3  tarn  sinces;  No, 
the  observer  ' 


dentity.  ft  amtlitm  o/  four  bias 
ins  Bauarei  ai  shown.    No  I  is  ruled  with 

>  wy.m.  luiu  ««>:<»  B  im>  nuni  iiu.  3,  S.3  KM!  UDOl,  T.7  DMl  tpfXf,  NO.  3,  3.7  Mflt 

fBMRpsces;  No.4,  SJSliHillliws.l.SlinNqiacsE.  The  cards  bib  placed  M  feet  from 

ver  in  line  with  the  Chinmey,  together  with  a  white  and  a  solid  black  card.    The 

observer  gUncea  giiicldr  ttom  the  chunney  to  the  catds  and  judges  which  one  corresponda 
with  the  color  ana  density  of  the  smoke.  Rinriemann  readings  are  usually  taken  at  H  to  1 
minute  intervnta  during  an  hour  or  more.  ™e  readings  are  plotted  in  a  log  which  givea  a 
ffood  general  idea  of  the  manner  and  regularity  of  smoke  emisBion  but  is  very  unsatisfactory 
for  ordinary  stacks. 


NOTE. — According;  to  ttte  Ait,  Sot.  of  M.E,,  no  wholly  satisfactory  methods  for  either 
quanCitatins  or  qualitstin;  smoke  determinatitHis  have  yet  come  into  use ,  nor  have  any  reli- 
able methods  been  estsbhshed  for  definitely  fixing  even  the  relative  density  of  the  smol^ 
issuing  from  chimneys  at  different  times.  One  method  commonly  employed,  which  answeis 
the  puipoee  fairly  well,  is  that  of  maldng  frequent  visual  observations  of  the  chimney  at  inter- 
vals of  one  minute  or  less  for  a  period  of  one  hour  and  Tstoiding  the  observed  chaTactertistica 
BGGOiding  to  the  degree  of  blackness  and  density,  and  giving  to  the  various  degFcea  of  smoke 
an  arbitrary  peicsntage  value  rated  in  some  such  manner  as  follows:  dtnte  black,  100  %; 
RMdluin  Wodfe,  80%:  dense  gray.  00%;  medium  graf.  40%;  Ught  greg,  20%;  very  light, 
G%1  trace.  1%;  dear  chimney,  0.  The  shade  and  density  oi  smoke  depend  somewhat  on  the 
'  '''  ~  of  the  sky  or  other  background,  and  on  the  air  and  weather  conditions  obtaining 
b  made ,  and  there  should  be  given  due  consideration  in  making  com- 
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In  burning  coal,  however,  this  amotmt  of  heat  is  never  attained  for 
various  reasons.  There  are  always  losses  by  radiation  and  in  other  ways 
and  the  combustion  process  is  never  perfect  except  in  calorimeter  tests. 

Instead  of  oxygen,  air  is  used  to  support  combustion  and  almost  inva- 
riably an  excess  of  air  over  that  theoretically  required  for  complete  com- 
bustion, giving  a  much  larger  weight  of  gases  to  be  heated. 

Some  of  the  heat 
available,  in  the 
coal  is  lost  by  in- 
complete combus- 
tion, by  radiation 
to  the  exposed  sur- 
faces to  the  fuel 
bed,  by  dissociation 
of  the  resulting 
gases,  by  evapor- 
ating and  super- 
heatmg  moisture  in 
the  coal  and  in  the 
air  supplied  and  by 
heating  the  ash. 


20       ^       40 
MiN.  PCR.  HOUR 

Pig.  3,371 . — Method  of  plotting  Ringelmann  readings  as  suggested  by  B .  J.  Bailey.  This  method 
consists  in  finding  the  total  time  during  the  day  represented  by  each  density,  reduce  it  to 
minutes  per  hour,  and  add  it  to  the  number  of  mmutes  corresponding  to  each  higher  density. 
The  totals  are  plotted  against  the  Ringelmann  chart  numbers,  and  the  curve  represents  the 
fraction  of  time  during  which  each  given  degree  of  smoke  density  has  been  reached  or  ex- 
ceeded. Bailey  remarks  that  Ringelmann  chart  No.  5  includes  all  smoke  that  is  opaque. 
Twice  as  much  carbon  can  be  earned  at  one  time  as  at  another,  and  not  affect  the  density 
reading. 


For  these  reasons,  the  temperature  in  the  furnace  of  a  steam  boiler 
rarely,  if  ever,  exceeds  3,000'*-F.  The  temperature  rise,  then,  is  egual  to  the 
calonfic  value  of  the  fuel  minus  the  losses  due  to  the  foregoing  causes 
divided  by  the  product  of  the  weight  of  gases  times  their  spedSc  heat. 


NOTE. — Admiral  R.  T.  Hall  describes  an  electrical  means  of  determining  the  density  of 
smoke  used  on  the  U.  S.  S.  Conyngham.  The  basic  principle  is  the  sensitivity  of  the  metal 
selenium  to  light  as  affecting  the  passage  of  electric  current.  A  selenitun  disc  connected  to  the 
ship  lighting  circuit  was  placed  on  one  side  of  the  stack  opposite  a  light  on  the  other.  The 
intensity  of  the  beam  of  light  striking  the  disc  of  course  varied  with  the  density  of  the  smcMce. 
A  milUammeter  with  a  suitably  graduated  scale  indicated  the  changes  in  current  due  to  the 
changes  in  smoke  density. 
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Ques.  How  can  an  increase  in  the  furnace  temperature 
be  obtained? 

Ans.  >  1^  By  using  a  coal  with  a  higher  heating  value;  2,  by 
decreasing  the  amount  of  excess  air  supplied,  obtaining  more 
complete  combustion;  3,  by  decreasing  the  amount  of  heat  radi- 
ated from  the  fuel  on  the  grates,  and  4,  by  preheating  the  air 
admitted  for  combustion. 

Ques.  What  is  the  effect  of  increased  furnace  tempera- 
ture on  the  heat  absorption  and  efficiency,  and  why? 

Ans.  If  all  the  other  conditions  be  maintained  constant  but 
a  coal  of  a  higher  heating  value  be  substituted,  the  total  heat 
absorbed  and  efficiency  will  be  higher  since  there  will  be  a  greater 
amount  of  heat  absorbed  by  direct  radiation. 

If  the  amount  of  excess  air  supplied  be  decreased  to  secure  better  com* 
bustion,  both  the  heat  absorption  and  efficiency  will  be  increased. 

If  the  amount  of  heat  radiated  from  the  furnace  walls  be  decreased^ 
both  the  heat  absorption  and  efficiency  are  increased,  but  cut  down  the 
amount  of  heat  radiated  to  the  water  heating  surface  and  it  will  be  found 
that  both  the  heat  absorption  and  efficiency  are  decreased. 

Ques.    What  is  the  effect  of  preheating  the  air  supply  ? 

Ans.     It  increases  both  the  heat  absorption  and  efficiency. 

Ques.  What  difficulties  are  lilcely  to  be  encountered  in 
increasing  the  furnace  temperature? 

Ans.  High  furnace  temperatures  cause  increased  depreci- 
ation of  the  brickwork  and  ironwork  and  is  accompanied  by  the 
formation  of  clinkers. 

Coal  ash  becomes  plastic  or  even  liquid  at  certain  temperatures,  depend- 
ing on  its  composition.  When  these  temperatures  are  reached,  the  ash 
wul  fuse  and  tend  to  dog  the  grates,  interfering  with  the  air  supply  and 
decreasing  the  rate  and  efficiency  of  combustion .   This  tendency  is  increased 
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if,  in  the  manipulation  of  the  fire,  the  ash  be  raised  to  the  sur&oe  of  the  fue 
bed  and  exposed  to  the  ftill  furnace  temperature. 

Ques.  What  determines  largely  the  temperature  of 
combustion? 

Ans.    The  design  of  the  furnace. 

The  most  important  features  of  the  design  in  this  respect  are  the  arrange- 
ment of  brickwork  and  heating  surface,  the  voltmie  and  length  of  the  com- 
bustion space  and  the  t)rpe  of  grate  or  stoker.  These  items  affect  the  furnace 
temperature  because  they  control  the  degree  of  the  completeness  of  com- 
bustion, the  amotmt  of  radiation  and  to  some  extent  the  amount  of  air 
admitted. 

Ques.  What  should  be  considered  in  the  selection  of  fire 
brick  for  a  furnace? 

Ans.  They  should  be  chosen  to  meet  the  operating  condi- 
tions of  load,  furnace  temperature,  and  character  of  coal  particu- 
larly with  respect  to  the  composition  of  its  ash. 

For  instance,  where  there  is  a  steady  load  and  the  ash  of  the  coal  burned 
does  not  exert  an  appreciable  fluxing  action  on  the  brick,  any  good  grade 
of  fire  brick  whose  fusing  temperature  is  greater  than  the  maximum  furnace 
temperature  obtained  would  be  satisfactory,  if  properly  installed  and  given 
reasonable  care. 

Where  the  fine  ash  carried  through  the  furnace  by  the  gases  exerts  a 
fluxing  action  on  the  brick,  the  brick  used  in  that  part  of  the  furnace  exposed 
to  this  action  should  be  especially  chosen  for  its  ability  to  resist  tibis  influ- 
ence. 

In  many  cases  the  ash  in  the  fuel  bed  itself  exerts  a  very  destructive 
effect  on  the  brick  work  exposed  to  its  influence.  Where  the  load  is  exceed- 
ingly variable  and  where  sudden  inrushes  of  cold  air  into  the  f  \imace  cannot 
be  avoided,  heavy  stresses  are  set  up  in  the  brick,  which  call  for  a  brick 
mechanically  strong  and  with  a  minimum  tendency  to  spall. 

Ashes. — By  definition  the  term  ashes  signifies  all  the  mineral 
matter  left  after  the  complete  combtistion  of  fuel. 

Every  variety  of  mineral  f ud  contains  more  or  less  incombuistible  matter 
or  ashes. 
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Ques.    Why  do  fuels  contain  incombustible  matter? 

Ans.  Because  the  plants  of  which  the  coal  is  formed  con- 
tained inorganic  matter,  and  because  of  the  earthy  matter  in  the 
drift  of  the  coal  period. 

Ques.    What  are  the  princifml  constituents  of  ashes? 

Ans.    Silica,  alumina,  lime,  oxide  and  bisulphide  of  iron. 

According  to  Kent  the  composition  of  ash  approximates  that  of  fine  clay, 
with  the  addition  of  ferric  oxide,  sulphate  of  Imie,  magnesia,  potash,  and 
phosphoric  add. 

White  ash  coals  generally  contain  less  sulphur  than  the  red  ash  coals, 
which  contain  iron  pyrites. 

The  analysis  of  ashes  of  Pennsylvania  anthracite  coal  by  Professor 
Johnson  yielded: 

SiUca.; 63.6 

Alumina 36.60 

Sesquiozide  of  iron 5.59 

Lime 2.86 

Magnesia 1*08 

Oxide  of  magnesia 19 

100.01 

Ohio  bituminotis  coal,  containing  6.95  per  cent  of  ash,  jdelded  upon 
analysis: 

SiUca 68.75 

Alumina 36.3 

Sesquiozide  of  ixxm 1.2 

Magnesia .68 

Potash  and  soda 1.08 

Phosphoric  acid .13 

Sulphuric  acid 24 

Sulphur  combined .41 

Ques.    What  is  clinker? 

Ans.  A  product  formed  in  the  furnace  by  fusing  together 
impurities  in  the  coal  such  as  oxide  of  iron,  silica,  lime,  etc. 

Ques.  Wliich  coals  clinker  least  under  high  tempera- 
ture, as  judged  from  the  color  of  the  ashes? 

Ans.    Those  whose  ashes  are  nearly  pure  white. 
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Ques.    What  substance  in  ashes  causes  clinker? 

Ans.    Oxide  of  iron. 

The  presence  of  oxide  of  iron  in  an^  considerable  quantity  is  indicated 
by  the  red  color  of  the  ashes.  Coals  mgh  in  sulphur  generally  give  a  very 
fusible  ash,  on  account  of  the  iron  with  which  the  sulphtir  is  in  combination. 
A  double  ash  tends  to  form  clinker, 

Ques.    With  complete  combustion  of  coal,  what  per- 
centage of  ashes  remain? 

Ans.     It  varies  considerably  for  different  coals,  b'ut  average 
values  will  be  between  5  and  10  per  cent. 
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Why  Tests  Should  be  Made. — ^The  value  of  coal  for  the  pro- 
duction of  heat  for  any  given  purpose  cannot  be  ascertained  from 
its  appearance.  The  value  is  not  determined  by  the  locality  of 
the  mine  from  which  it  is  obtained,  nor  by  the  trade  name  by 
which  it  is  placed  on  the  market. 

The  final  value  is  determined  by  the  results  secured  when  it 
is  used  for  the  purpose  intended.  Satisfactory  results,  however, 
depend  upon  two  conditions: 

1 .  The  quality  and  nattire  of  the  coal  must  be  suited  for  the 
work  intended. 

2.  The  method  of  firing  or  using  the  coal  must   be  correct. 

To  use  fuel  intelligently  it  is  necessary  to  ascertain  these  two  conditions. 
The  first  condition:  the  determituUion  of  the  intrinsic  quality  of  the  coal,  can 
be  determined  only  by  a  laboratory  test.  The  second  condition:  the 
realizaUon  of  satisfactory  operation,  is  obtained,  first,  as  ah  outcome  of  the 
first  condition,  namely:  the  obtaining  of  a  fuel  with  proper  constituents; 
secondly,  its  proper  method  of  use  as  determined  by  practical  operating 
experience,  modified  according  to  the  quality  and  properties  of  the  coal  as 
determined  by  test. 

Ques.    State  the  advantages  due  to  testhig  of  fuel. 

Ans.  1.  It  determines  its  fair  purchase  price;  2,  it  locates  the 
difficulty  when  results  are  not  satisfactory;  and,  3,  it  is  a  ^ide  to 
better  operation. 
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Apparatus  Required  for  Fuel  Testing 

For  the  Determinrntion  of  B.  T.  U.'t.  Moitture,  Volatile 
Mater»  Ash  and  Sulphur. 


Sampling  and  Preparation  of 
Laboratory  Samples 
Crusher 

Pulverizer 

or  Ball  Mill 

Sampler 

Sampling  Cloth 

Brush 

Sieves 

Analytical  Balance 

Set  of  Weights 

Sample  Bottles  4  oz.  with  stoppers 

Porcelain  Capsules  with  cover 

Mason  Jars 

Spatula 

Pellett  Press  (Optional) 

Moisture 
Drying  Oven 

If  gas,  with  burner  and  thermo-regulator 

If  electric,  Fr?as  or  Varsity  Electric  Oven 

Analytical  Balance 

Set  of  Weights 

Capsules  with  cover 

Dessicator  ' 

Calcium  Chloride  gran.:  for  dessicator 

Ash 

Gas  Burner  with  rubber  tubing,  also 

Tripod  with  triangle 

or  Gas  Furnace 

or  Electric  Furnace 

Dessicator 

Calcium  Chloride  gran,  r  for  dessicator 

Analytical  Balance 

Set  of  weights 

Crucible  Tongs 


Volatile  Matter 

Platinum    Crucible   with   coyer,  10  or  ao 
gram 

Tripod  with  Nichrome  Triangle 

Meker  Burner  Ko.  3 

or  Electric  Furnace 

or  Gas  Furnace 


Sulphur 

Porcelain  Crucibles  No.  i 

Muffle  Furnace 

or  Gas  Burner  with  tripod  and  triangle 

Analytical  Balance 

Set  of  Weights. 

Funnel  Stand 

Funnels 

Filter  Paper,  ashless 

Drying  Oven 

Beakers 

Eschka  Mixture 

Bromine 


B.  T.  U/s 

Calorimeter 

TJiermometer 

Oxygen 

Fusing  Point  of  Coal  Ash 

"High-Tcmp"  Electric  Furnace 

or  Gas  Furnace 

Pyrometer 
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Methods  of  Testing  Goal. — ^The  true  test  of  any  cqal  is  the 
burning  of  it,  but  the  chemical  character  and  quality  of  a  coal 
is  a  reliable  indication  of  what  may  be  expected  from  its  use. 
Coal  can  be  purchased  under  specifications  as  to  the  chemical 
content,  and  knowledge  of  the  chemical  content  makes  it  possi- 
ble to  determine  whether  the  coal  specified  has  been  delivered. 

In  a  large  manufacturing  plant  coal  and  cinder  analyses 
should  be  made  daily.  Coal  testing  has  become  standardized 
with  the  following. analyses  and  tests  that  have  been  found  to 
give  stifficient  information  as  to  the  value  of  a  given  coal  and  its 
fitness  for  a  given  service. 

These  analyses  and  tests. are:  .  - . 

1.  Proximate  analysis;  2,  ultimate  analysis;  3,  sulphur  test; 
4,  heat  of  combustion  (calorimeter)  test;  5,  ash  analysis. 

Ques.  What  is  the  difference  between  a  proximate  and 
an  ultimate  analysis? 

Ans.  A  proximate  analysis  separates  the  coal  into  four  part^: 
moisture,  volatile  matter,  fixed  carbon,  and  ash;  and  tdtimate 
analysis  reduces  the  constituents  of  the  fuel  (except  the  moisture 
and  ash)  to  the  ultimate  chemical  elements:  carbon,  hydrogen, 
nitrogen,  sulphur,  and  ash. 

Ques.    Define  fixed  carbon. 

Ans.     Fixed  carbon  is  the  carbon  retnaining  after  distillation. 

It  is  not  the  same  as  the  total  carbon  fotind  by  ultimate  analysis. 

Ques.    Define  combustible. 

Ans.  Combustible  is  that  portion  oj  the  coal  left  after  sub- 
tracting the  ash  and  moisture, 

Ques.    What  is  volatile  matter? 
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Ans.  Volatile  matter  is  the  total  combustible  less  the  fixed 
carbon,  and  includes  gases,  hydro-carbons,  free  oxygen  and 
nitrogen,  although  the  latter  two  are  not  combustible. 

Ques.    What  is  ash? 

Ans.  Ash  is  the  residue  remaining  after  the  moisture  and 
wlatile  have  been  driven  off  and  the  fixed  carbon  ignited. 


Pio.  3.406-10  3,408. — Method  used  by  Bureau  of  Mines  lot  SMliag  sbipping  cas  with  adhesive 
Upe. 

Ques.    What  Is  moisture? 

Ans.    Moisture  is  the  loss  in  weight  of  a  sample  of  coal  when 
dried  at  a  given  temperature  for  a  given  length  of  time. 

Proximate  Analysis. — As  stated  by  Kent,   the  proximate 

analysis  is  a  most  valuable  means  of  identifying  the  general 
character  of  the  coal. 
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1.  The  amount  of  combustible  matter,  expressed  as  a  percentage  of  the 
combustible,  distinguishes  between  the  anthracite,  the  semi-bituminous, 
and  the  bituminous  coals. 

2.  Among  the  bituminous  Mials,  the  moisture  is  an  inq>ortant  guide 
to  the  character  of  the  coal. 

3.  The  ash  is  also  a  criterion  of  the  coal's  value. 

4.  The  sulphur  taken  in  connection  with  the  ash  is  also  an  indica- 
tor of  the  value  of  the  fuel,  as  high  sulphur  generally  is  found  in  a  coal 
-which  clinkers  badly,  and  with  which  it  is  difficult  to  obtain  the  rated 
capacity  of  a  boiler. 


raertcer  anal^^ical  bsUnce  designed  to  meet  the  requirementB  of  educstioiifil 
in  quantitative  snslysis,  capacity  SOO  granie,  sensibility  1  millisnini.  The 
jninum,  1  oiidized  bloclc,  7  iiic:h«a  Icmg ,  divided  into  Aftli3  of  milugnmi  with 
na.  The  knife  edges  imd  planea  are  of  agate;  was  of  German  silver.  2>i  inches 
polished  mahogui/  cue  with  aniatennisiid  fiont  door  and  base  fitted  with 


leveling  St 

I    somewhat    different   methods   in   making 

Apparatus  Required— Tor  making  a  proximate  analysis  the  following 
apparatus  is  required:  A  mill  for  grinding  the  coal,  chemical  scales  sensitive 
to  '/iMo  of  the  amount  weighed,  drying  apparatus,  including  an  oven  and 
a  dessicatbr,  a  platiniun  crucible,  a  Bunsen  burner,  a  blast  lamp,  and  a 
supply  of  oxygen.  ThaBureau  of  Mines  prefers  sulphuric  acid  to  calcium 
chloride  as  a  moistiu^  absorbent  in  the  desf'"'' — 
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The  U.  5.  Bureau  of  Mines  has  made  a  great  numberof  analyses 
and  has  developed  complete  and  satisfactory  methods  v^hich  agree 
very  closely  with  those  recommended  by  the  committee  on 
coal  analysis  of  the  American  Chemical  Society.  The  tests  of 
the  latter  are  given  to  the  last  detail  in  the  report;  they  are  here 
briefly  given  in  the  larger  type  as  follows: 

MoUture. — The  moisture  content  is  determined  by  drying  the  sample 
in  a,  suitable  oven  at  a  constant  temperature  of  105°  Centigrade  for  one 
hour.  Upon  beii^  removed  from  the  oven  the  sample  should  be  cooled 
in  a,  dessicator  before  wdgbing. 


Burtau  or  Minam  Mtthr/d.^Wagti  oat  1  gram  of  the  pulveriigd ,  air  dried  sample,  and 
pUa  it  in  a  Bhallaw  pdreelain  capsulE,  Ji  inch  deep  and  l)i  inches  in  diajneter.  Dry  for  ore 
hour  at  1DA°  C.  in  a  constant  ternpervture  oven,  through  which  a  cuireDt  of  mvheated  air  » 
pflfl^i'^ff  at  a  rate  to  change  the  entire  volume  of  air  2  to  4  times  per  miaute.  Tl^  air  is  djied 
before  entering  the  oven  by  passina  thr 

After  one  hour  the  capsule  is  removed  f  roi 
in  weigbt  ia  called  the  "noiiWrt  at  106"  C." 

Am-  8oc-  of  M.  E^  MtthodMt    25- — When  the  sample  lot  of  coal  has  been  reduced  b; 

rirters  to  say  100  pounds,  a  portion  weighing  say  IS  to  25  pounds  should  tie  withdrawn  fo 
puTpoBc  of  immediate  moisture  determination.     This  Is  placed  in  a  shallow  iron  pan  ant 
dried  in  the  hot  iron  boiler  flue  for  at  least  12  hours,  bang  wdghed  before  and  after  dry^  oi 
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A  dfltamunad  a  &ppn>xiiuBtely  nJi*ble  fc 


For  stich  coal  uld  for  aU  idiable  detcrminatiana.  the  [DUowing  msthod  should  be  punued: 
t^kt  one  of  the  wmples  conUituid  in  the  glus  jars,  and  sobject  it  to  a  thorough  air  drying,  by 
BpreadiiiB  it  ia  B  thin  layer  and  eipoeing  it  for  several  hours  to  the  atmoepheie  of  a  warm  room, 
mighiDg  it  before  and  ait«r.  thereby  determining  the  quantity  of  surfaee  roouture  it  conUinB. 
Then  cTuih  the  whole  of  it  by  running  it  tbtough  an.  ordinnry  coffee  niiU  or  other juitsMe 
cnuher  adiusted  ■□  aa  to  imduaa  somewlut  ccane  aiaina  (leaa  than  Ha  incb) .  thOTDuglur  mu 
the  cnuhed  amide,  Belect  frpm  it  a  prntioii  'of  from  10  to  M^fsaa,  »»7  H.oinraW  3  oiu»w, 
veiah  it  in  a  balance  which  win  eos^  sbw  a  vaiut»n  as smaU  a^ part  m  1,00^ ^ddry  it 
fm    one  hoor    in    an    air    or  .and  bath  aj. "  t™P«™t"«_5>t«^  ^.«S.SSj  il:: 

el  temDcratuTB  being  necewaiy  with  coal  which  u  not  powdered).  Weigh  it  and  rerard  the 
.thHiheatandw^h  again  untU  the  minimum  wd(*th»i  been  .leaebed.  The  difference 
betimn  the  oriEinalaEd  the  minimum  weight  is  the  moiatuniti  the  an  diied  coal.  Tktnmof 
tilt  moiHirt  thus  found  and  Mt  of  the  surface  mxtlure  it  Uu  tolai  <~oiiUwc. 


Fta.  Mil.— Bimer  and  Amend  double  waU  oven  (Surnii  of  Uina  lypt),  ded. , , 

tor  detennuunc  moistafe  in  coal  samples.    It  conalils  of  a  double  walled  copper  cylinder 

walls  is  for  fining  with  a  solution  of  Blyceriae  in  water  (i^.  «r.  1,19)  the  proportioa  b^ng 
mdiiMid  to  maintain  105°  C.  in  the  chamber.  A  copper  tube  encircles  the  oven  between 
the  walls,  and  through  it  is  {oreed  a  eunent  ot  air  dried  by  passing  through  sulphurio  acid. 
which  i*  preheated  and  forced  thrsuah  Che  inner  chamber,  taking  up  the  motsture  from  the 
Bangle  and  eacapinq  thrcmgb  a  sm^  opening  in  the  door  of  the  oven.  The  chamber  is 
provided  with  openuigs  tor  theimometer  and  gas  regulator,  and  is  fitted  with  a  sliding 
■half  having  tbt  Iwlei  IH  inches  in  diameter  to  accommodate  crucibles.    The  oven  is  mounted 


Volatile  Stattar — The  volatile  test  is  toade  in  a  platinum  crucible 
with  cover.  It  is  accoraplished  by  pladng  the  platiotun  cnidble  in  a  Bunsen 
flame  of  proper  dimenmon  in  a  speciiic  position  for  a  certain  period  of  time, 
weii^mig  the  crucible  and  its  contents  before  and  after  inserting  the  same 
in  the  flame. 
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After  removing  the  platinum  crucible  from  the  Bunsen  flame,  it  is  cooled 
in  a  dessicator  before  TOeighing.  This  volatile  test  can  be  made  by  placing 
the  platinum  in  a  furnace,  the  temperature  being  gradually  raised  to  950^  C. 
and  maintain©!.  For  this  work  the  electric  muffle  furnace  is  rapidly 
becoming  the  preferred  medium. 


la. — Gsertner  dtying  oven  made  ot  heavy  planished  copper  with  tubulatlon  for  ther- 
xr  and  gss  reEulator,  mounted  on  sepaiats  mm  support,  provided  with  false  bottoms 
!t  itoa  to  protect  the  copper. 


multiple  unit  and  electric  muffle  furnace  for  use  in  deter- 

e  or  closed  face.  The  hin)^  counter  weighted  do^  mar  be 
crucibles,  et£.  The  door  ia  reversible  for  hinging  either  at 
:  in  back  provides  an  escape  for  fumes,  or  for  the  uisertion  ol 
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Burma  of  Minem  Mmthod.^Oae  erua  of  the  fine  coil  (that  which  passes  thrnugh 
B  00  mesh)  is  weighed  into  n  light,  well  burnished  10  grsni  platinum  crucible,  with  a 
close  fitting  capsule  covet.  It  is  heat«d  to  950°  C.  ijr  a  platinum  or  michiome  trianale 
for  7  minutei  in  the  full  Same  of  a  No.  3  Meker  buiuer. 

The  flame  is  IS  or  IS  centimeters  long,  and  the  bottom  of  the  crucible  is  2  centimeters 
above  the  top  of  the  burner.  A  sheet  iron  chinmey  ia  placed  aJDund  the  burner  to 
prevent  draught. 

Tbe  temoeralure  is  meosmcd  by  a  thermocouple  where  hot  iuncUon  is  buried  in 

-'■-■-"-      -' ■■-       -   -  lie.    After  7  minutes  the  crucible  ia 

plight  is  the  volatile  plus  mobture. 


f^=«B 


la  laboratory  burners.    1^.  3,414,  m«f«r  burner; 


„_  , ._...  The  whole  flame  i_ .. 

bomogeneouB  mass  of  burning;  (ps,  its  temperature  being  nearly  uniform  thiDuphout; 
fm^  3,415  ChaiUock  burner,  it  is  being  incorrodably  made  of  porcelain  and  white  fire 
da;  and  ia  apedally  adapted  for  use  in  hoods  where  metal  bumeis  soon  conode.  The  burner 
is  nm4i«d  with  flame  spreader,  asbestos  disc,  asbestos  ring,  and  a  small  chimney  for  platinum 
tfiuisles;  Bg.  3.4IS  Farr  bloat.  It  yields  a  flame  of  hi^  tempenture  ai  required  for  aah 
ud  vOla^  mattu  detemuDntioaB. 


Anu'Soe.ot Itr.  E.  Mrlhodi  tit. — Place  one  gnun  of  the  air  dried  pow 
in  the  crucible  and  heat  in  a  drying  oven  to  320°  F.  for  one  hour  (or  longer  il 


Cover. the  crucible  with  a  loose  platinum  plate. 

a  cylindrical  ai 


bprner  giving  a  0  to  8  iniji  flainej  Uie  crucible  being  supported  3  inchet  above  the  top 


chimney  3  loches  in  diameter- 
Coot  in  a  devaicator,  remove  the  cover  and  weigh.    Tht  lota  in  might  rtpreseni 
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_  „mple  to  a  constant  weight  over  burners  or  is  a  suitable  furnace  until 
the  ash  remaining  reaches  a.  constant  weight.  Chaddock  gas  burners, 
small  muffle  furnaces  or  small  crucible  furnaces,  dther  gas  or  electrically 
heated,  are  suitable  for  this  work. 

BuTtiu  at  JtfffiM  Method. — The  unu  lUBpIa  ia  tued  on  which  the  moutun 
detemiiiaCioii  wsi  made.  Tt  ii  left  in  the  CBpnile  and  placed  in  a  cool  maffle.  Tat 
temperature  i<  giaduBllf  rsised  to  760°  C,  and  the  ignition  is  continued,  with  occs- 
aioTial  ahowinjE  of  tho  aah.  until  all  the  carbon  particlee  have  diaappeared. 

The  capaule  is  cooled  in  a  deaticator,  veighed,  and  the  ignition  repeated  until  a  con- 
stant weight  has  been  obtained.  A  constant  weight  ia  assumed  to  have  been  obtained 
when  the  dllEerence  between  succeuivs  weighings  is  .OOOG  gram. 


Pro.  3.417. — Weisoegs's  muffle  furnace  for  ash  determinations,  etc.  This  fumaeo  bums' 
about  20  cubic  feet  of  vas  per  hour,  and  will  produce  a  temperature  up  to  about  700°  C. 
Accommodates  muffle,  7'^X45iX2M- 

Tilt  reMtu  in  Ihe  cafimlt  ripresmU  Ifnltatf  ntlnaml  ratUu*  or  (ineoiTscl«l  aiA. 

For  technical  punioseB.  the  uncorrected  ash  ia  reported  aa  di 
use  of  corrected  aan  valuea  is  m  a  ^'  *       '* 


>mparing  ultimate  anatyai} 

f.  Maf  h(Kl.~-EipD3e  the  residue  in  the  crucible  to  the  blast 
burned ,  using  a  atream  of  oxygen  if  desired  to  hasten  the  pi 


T)u  ratldue  lift  is  llii  uA. 

Fixed  Carbon. — The  fixed  carbon  in  coal  is  determined  by  the  difference 
in  weight  from  the  other  three  factors  of  the  proicimate  analysis,  i.  e,,  the 
sum  ot  the  percentaees  of  moisture,  volatile  matter,  and  ash  is  deducted 
from  100%;  the  remainder  is  the  percentage  of  fixed  carbon. 
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I  culHm  ia  talien  as  the  diflerence  betwc 


jSM(pftur— The  sulphur  test  ia  made  either  by  direct  determination  from 
the  sample  of  coal  by  the  Eschka  method ,  or  it  is  determined  from  the  wash- 
ings o(  the  bomb  calorimeter  at  the  time  of  jnaldng  a  heat  of  combustion  test. 


r  of  Bohemian  gloss  havir 


A  few  drops  of  bromine  water  are  added  to  the  aolution  which  ia  replacKl  on  the  hot 
plnte  nad  h«Ied  to  the  boiling  point.  Add  10  cubic  centimeters  of  hot  10%  barium 
chloride  aolution  and  allow  the  piecipitale  to  settle  for  at  least  2  hours.    The  auper- 

mshed  with  hot  water  til!  the  washinaa  show  no  reaction  for  chloride,    "nie  filter  paper. 
with  the  precipitate,  ia  placed  in  a  crucible,  dried,  igait«d  and  weighed. 


in  barium  sulphate  ia  32.07+233.*!-. 137  times  the  weight  of  tl 

The  percentage  of  sulphur  can  be  easily  detennined  fnmi  the  original  weight  of  cc 
Am.  Soc.  of  M.  E.  Method.— Vie  is  nude  ot  Eschku  method  described  later. 
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Eiehka»  Mtthod. — To  deliver  Eulphiu  br  this  method  <vtiich  ii  the  one  canunonly 


about  2  Kiams  of  tiKhku  mixture  (Z  puis 

esjefuHy  burned  out  over  ■  gradually  in 
-'"-'--'- --^=-'-.  are  buimd—- 

washed,  as 

id.  boiled,  e 


n  cruciMe  with  about  2  giams  of  Bichlas  mixture  (2  pails  light  calcined  mag- 
—"-    '  -It  tmbyilraus  sodium  carbotutc).  aod  about  I  gram  oC  the  Erchksx 

. fully . 

gas  fUune.    When  all  black  particles  an  burned 
aigested  with  hot  water,  filtered,         '     " 
bromine  water  and  hydrochloric  a 
sulphate  by  adding  a  Bolution  of 

Pot  futther  particular!  SM  Tedmicd  Paper  Ho.  8,  II 


Pio.  ZM9. — Clayton  and  Lambert  laboratory  blast  torch  outfit.  The  adjustable  itand  penniEs 
the  Hame  to  be  pointed  in  any  position  desired.   The  tripod  a  also  ■djuWaWe  and  will  hold 

Ultimate  Analysis. — The  ultimate  analysis  of  coal  for  its 
absolute  chemical  constituents  is  a  complicated  process  and  one 
difficult  to  be  carried  out,  requiring  considerable  chemical 
apparatus.  It  should  therefore  be  attempted  only  by  a  chemist 
or  one  skilled  in  making  chemical  analyses. 
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Inthe  ultimate  analysis,  the  chemical  elements  are  determined 
without  regard  to  their  combinations.  Greater  acciiracy  of 
determination  is  possible  than  with  the  proximate  analysis. 
The  items  considered  in  an  ultimate  analysis  are:  moisture, 
carbon,  hydrogen,  oxygen,  sulphur,  nitrogen  and  ash. 

The  ultimate  analysis  is  used  in  classifying  coals,  and  to  cal- 
culate the  heating  value  of  a  coal  in  the  absence  of  a  calorimetric 
determination. 


An  ultimate  analysis  does  not  distinguish  between  carbon  and  hydrogen 
derived  &oni  the  organic  or  combustible  matter  of  the  coal  and  the  small 
proportion  of  these  dements  that  may  be  present  in  an  incombustible  form 
m  the  mineral  impurities.    Since  the  error  is  small  a  correction  is  not 


n  and  oxygen  of  the  moisture 

.^  .  „ -,„--   --     --    —y  substance.     Usually  before 

comparisons  are  made,  the  ultimate  analyses  are  computed  to  a  dry  coal 
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basis,  thus  giving  the  relative  proportions  of  hydrogen  and  oxygen  in  the 
coal  after  ):ne  moisture  has  been  eliminated. 

Apparatus  required. — Mill  or  grinder  for  pulverizing  the  coal;  chemical 
scales;  drving  apparatus;  combustion  apparatus  containing  a  combustion 
furnace,  glass  combustion  tube,  one  end  ot  which  is  filled  with  copper  oxide 
and  chromate  of  lead  and  the  other  end  with  a  roll  of  oxidized  copper 
gauze;  a  porcelain  boat;  set  of  btdbs  containing  hydrate  of  potassium; 
a  tube  filled  with  chloride  of  calcium;  a  supply  of  pure  oxygen  and  pure 
air,  together  with  suitable  chemicals  and  chemical  apparatus  required  for 
the  various  processes. 

MOISTURE 

The  methods  employed  by  the  Bureau  of  Mines  and  Am.  Soc.  of  M,E,  are 
the  same  as  described  under  proximate  analysis. 


Pig.  3,422.— Crusher  plate  made  of  chilled  iron  with  rim,  for  powdering  coal,  etc.;  with  rubber 
set  m  wooden  handle. 

CARBON  AND  HYDROGEN 

Bureau  of  Mines  Method. — 2  grams  of  air  dried  coal  is  burned  in  a 
25  burner  Glaser  furnace  of  Heraeus  electric  furnace.  Complete  oxidation 
is  insured  by  passing  the  products  of  combustion  over  red  hot  copper  oxide. 
A  layer  of  lead  chromate  follows  the  copper  oxide  to  remove  the  sulphur. 

The  water  vapor  and  carbon  dioxide  are  absorbed  and  weighed  in  pre- 
viously weighed  caldtun  chloride  and  potassium  hydroxide  solutions 
respectively. 

No  correction  is  made  for  the  carbon  or  hydrogen  from  inorganic  matter 
in  the  coal. 

Am.  Soc.  of  M.  E.  Method. — }4  ^am  of  the  pulverized  oven  dried  coal 
is  placed  in  a  porcelain  boat,  which  is  introduced  between  the  copper  roll 
and  the  copper  oxide  within  the  combustion  tube.  After  the  contents 
within  have  been  thoroughly  dried  out  bjr  a  suffident^reliminary  heating, 
aided  by  a  current  of  dry  air,  the  furnace  is  set  to  work  and  the  coal  burned 
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by  passing  air  through  the  tube,  and  then  finally  oxygen,  conducting  the 
products  of  combustion  through  the  potash  bulb  and  the  chloride  of  calcium 
tube. 

The  carbon  dioxide  is  absorbed  by  the  potash  and  the  water  for  the 
combustion  of  hydrogen  is  taken  up  by  the  cialcimn  chloride.  The  quantity 
of  carbon  dioxide,  from  which  the  carbon  is  deterniined,  is  ascertained  from 
the  weight  of  the  bulb  before  and  after  the  absorption. 

The  quantity  of  hydrogen  is  determined  by  weighing  the  calcium  tube 
before  and  after,  which  gives  the  amotmt  of  water  produced,  and,  dividing 
by  9,  the  amount  of.  hydrogen. 


NITROGEN 

Bureau  of  Mines  Method. — For  nitrogen  determination  the  Bureau  of 
Mines  uses  the  Kjeldahl-Grenning  method,  which  i$  as  follows:  1  gram  of 
air-dri^coal  is  digested  with  30  cc.  of  concentrated  sulphuric  acid,  yi  gram 
of  met^c  mercury  and  6  grams  of  potassium  sulphate,  until  the  carbon 
has  been  completely  oxidized  and  nitrogen  converted  to  ammonitun  sul- 
phate. After  dihttion  with  water  and  precipitation  of  the  mercury  by  the 
addition  pf  potassium  sulphate,  an  excess  of  sodium  hydroxide  is  added, 
and  the  ammonia  is  determined  by  distillation. 

Am.  Soc.  of  M.  E.  Method* — Mix  a  certain  weight  of  coal  with  stray 
sulphtiric  acid  and  permanganate  of  potash  and  heat  untD  nearly  colorless. 
This  process  converts  the  nitrogen  into  ammonia  and  then  into  sulphate 
of  ammon^,.  and  the  amount  of  sulphate  is  determined  by  making  the 
solution  alkaline  and  then  distilling  it .  The  nitrogen  is  found  by  calculation 
from  the  known  composition  of  ai^oma.t 


SULPHUR 

The  methods  employed  by  the  Bureau  of  Mines  and  Am,  Soc,  of  M,E, 
are  the  same  as  described  under  proximate  analysis. 


NOTE. — A  complete  description  of  this  method  is  given  in  the  Bttreatc  of  Mines  Technical 
Paper  No.  8. 

tNOTB. — ^Recent  experiments  show  that  the  nitrogen  thus  found  in  coal  is  .2  to  .3% 
too  low,  and  that  in  order  to  obtain  more  accurate  results  it  is  necessary  to  add  mercury  and 
potassitim  gulphate.    See  paper  by  Pieldner  and  Taylor  in  Jour.  Ind.  and  Eng.  Chetn.,  Feb., 

101K 


1915. 
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The  same  methods  are  used  as  described  under  proximate  anali/tea. 


OXYGEN 


Pig,  8,128. — Pellet  press  for  preparing  jwlleta  o£  coal  for  the  calorimeter  test. 
Pia.  3.42ii—BtiB  shqw  morUr  irith  peMle. 

Heating  Value  for  the  Ultimate  Analysis. — The  heating 
value  can  be  obtained  from  an  ultimate  analysis  by  substituting 
in  Du  Longs  formula,  which  is: 

ia  which  C,  H,  O,  and  S,  are  respectively  the  percentages  of  carbd;, 
hydrogen,  oxygen  and  sulphur  in  the  combustible. 
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Ques.    Why  Is  this  method  objectionable? 

Ans.  1,  the  heating  value  of  the  several  elements  have  not 
been  accurately  determined;  2,  the  heating  value  of  the  elements 
in  a  free  state  is  not  necessarily  the  same  as  when  they  are  com- 
ponent parts  of  a  chemical  compound;  3,  the  assertion  that 
all  the  hydrogen  is  combined  with  the  oxygen  is  not  correct; 
4,  the  relative  accuracy  is  subject  to  the  uncertainty  of  the 
oxygen  determination,  and  5,  high  cost  of  making  an  ultimate 
analysis. 


.   It  consists  of  a  hopper  se 


For  low  grade  Western  coals,  in  which  approKimately  only  two  thirds 
of  the  oxygen  is  in  combination  with  the  carbon,  Du  Long's  formula  would 
give  heat  values  too  low  by  assuring  that  all  the  oxygen  is  in  combination 
with,  the  hydrogen. 


Heat  of  Combustion  of  Calorimeter  Test. — Since  the 
amount  of  water  evaporated  per  pound  of  coal  burned  under 
a  boiler  does  not  of  itself  indicate  the  efficiency  of  the  boiler, 
it  is  necessary  to  know  the  heating  value  of  the  coal  used. 
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For  instance,  e 

of  dry  coal  represents  a:  .  . 

B.(.B.  per  pound,  but  the  same  evaporation  with  a  coal  of  say  I4,500B.f.». 
heating  value  would  represent  only  53J^%  efficiency. 

Ques.    What  kind  of  heating  value  U  obtained  by  a 
calorimeter  test? 

Ans.     The  higher  heating  value. 

So  called  because  it  is  higher  tlian  that  obtained  under  boiler  conditions 
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by  Ew  amount  egual  to  I^e  latent  beat  of  vapcnixatian  of  the  water  formed 
by  the  combustion  of  the  hydrogen.  The  neating  value  obtained  under 
boiler  oonditions  is  called  the  lower  heating  value. 

The  higher  value  is  the  only  scientific  unit ,  and  its  use  is  recommended  by 
the  A.S.M.E. 

Ques.    Is  there  any  absolute  measure  of  the  lower 
heating  vrIikm? 

Ans. 


cllon,  the  bomb  !s  of  spedal  metal  which  nsuta 

and  finished  with  a  coating  of  platinum.    U  ia 

niwa  wicn  a  cover  laatenec  aown  oy  inree  studs  and  nuta.  the  joint  between  the  body  of 

tached .  tvhicb  ngulatcs  the  Introduction  of  compi^fied  oxygen  f  Tom  tm  ordinary  gas  cylindsr- 
The  electrodes  to  convey  the  current  are  connected  by  a  fine  wire  which  servee  to  ignite  the 
fuel,  when  connected  with  a  battery.    One  of  the  electtndes  is  insulated  by  a  porcelaiD 
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Ques.    Of  what    does  a  standard    calorimeter    outfit 
consist  P 


lethodG  of  ignitian  wiringj   fig.  3.41 
3,  standaidization;  6s.  3,431.  spa 


Ans.  It  comprises  a  platinum  lined  steel  cup  or  bomb,  closed 
with  a  screw  cap,  and  fitted  with  an  oxygen  valve,  electrodes  for 
electric  ignition  of  the  charge,  a  metal  can  for  holding  distilled 
water,  a  mechanical  device  for  stirring  the  water,  a  thermometer 
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which  can  be  read  accurately  to  .001"  C.  by  means  of  a  cathet- 
ometer,  and  a  double  walled  felt  lagged  metal  jacket  containing 

water  in  which  the  can  containing  the  bomb  fits. 

Ques.    Describe  how  a  calorimeter  test  Is  made. 

Ans.     Weigh  into  a  platinum  tray  1  gram  of  the  coal  sample 


r  eqiupped  vith  vscuum  walled  jacket.  Sf  meuM  oE  this 
Hnd  from  the  calorimeter  water  ai«  mininuxed  to  such  an 
eneni  mac,  si  uio  ume  or  a  neat  of  combmtioo  determination  in  the  calorimeter,  the  heat 
reaction  is  carried  out  under  practically  adiabatic  condition.  This  adiabatic  condition  is 
iQoat  nearly^  iBalized  during  a  calorimetric  test  if  the  temperature  of  the  calorimeter  water 
be  brou^t  into  proaimity  of  the  temperature  of  the  surroundings  in  the  ume  manner  as 
with  the  vsual  water  jacket  type  of  lalorimeter.    The  vacuum  wall  jacket  greatly  reduces 

temperature  too  remote  from  room  lenperature.  the  radiations  may  became  appreciable 
and  thereby  neceasitate  the  computation  of  the  cooline  cor-vction. 
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and  place  it  on  the  support  inside  of  the  bomb.  Connect  a 
piece  of  platinum  fine  wire  to  the  electrodes  and  allow  it  to 
dip  into  the  coal.  After  screwing  into  place  the  bomb  cap 
admit  oxygen  to  a  pressure  of  350  pounds.    The  bomb  is  now 


it  into  the  cartridBfl  whic 

B  can.   After  the  Btirrsr  hi , 

igaitcd.    Exttacting  il  the  heat  be  complete  in  troni  four  to  fivn  minutea.    The 


placed  in  the  weighed  water,  and  the  temperature  of  the  calori- 
meter observed  at  minute  intervals  for  five  minutes;  at  the 
end  of  the  fifth  minute  the  electric  current  is  closed  igniting  the 
coal.     The  thermometer  is  now  read.     The  first  two  readings 
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after  firing  are  taken  at  half  minute  intervals.  Three  more 
readings  are  taken  at  minute  intervals.  The  maximum  tempera- 
ture will  now  have  been  reached  and  the  thermometer  is  read 
for  five  more  minutes, 

Ques.    How  is  the  heating  value  of  the  coal  calculated? 

Ans.  After  obtaining  the  data  from  the  test,  connections 
must  be  made  for  the  nitrogen  content  burned  to  nitric  acid, 
and  for  the  sulphur  content  burned  to  sulphuric  acid.    The  net 


heating  value  is  obtained  by  multiplying  the  rise  of  temperature 
caused  by  the  combustion  of  the  coal  by  the  water  value  of  the 
calorimeter. 

Let     w  =  weight  of  fuel  tested  in  grams. 

Wi  »  weight  of  water  in  calorimetric  vessel  in  grams. 
Wi  ■■  water  equivalent  of  calorimeter  in  grams. 
la   -•  temperatuteC.  of  waterin  calorimeter  vessel  if/ore  combustion, 
(i   —  maximum  temperature  C.  of  water  in  calorimetric  vessel  after 

combustion, 
r   —  correction  coefficient  for  rise  of  temperature. 
X  —  heat  generated  in  burning  the  fuse  wire. 
y  =  heat  due  to  the  formation  of  aqueous  nitric  acid. 
I   =  heat  due  to  the  combustion  of  sulphur  to  sulphuric  acid. 
1.8  —  coefficient  to  convert  heat  of  combustion  for  kilogram-calories 
per  kilograrn  toB.f.u.  per  pound. 
HeatingvalueorB.r.i(.  1      (W,+W,)  x  (1,— f.)  r—  (x+y+z) 
per  pound  of  fuel         J  ™  „,  X  i  -S 
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Radiation  (r)  correetioiu — ^Pfatmdler's  method  oonsidered  most 
acctirate.  It  assumes  that  in  starting  with. an  initial  rate  of  radiation  and 
ending  with  a  final  rate,  the  rates  at  intermediate  temperatures  are  propor- 
tional to  the  initial  and  final  rates,  that  in  the  rate  of  radiation  at  a  point 
midway  between  the  temperature  of  ignition  and  the  temperature  at  which 
combustion  is  presumably  completed  will  be  the  means  of  the  initial  and 
final  rate.  The  rate  at  a  point  three  quarters  of  the  distance  on  the  curve 
between  the  two  temperatures  will  be  the  rate  at  the  lower  or  initial  rate 
plus  three-quarters  the  difference  between  the  initial  and  final  rate. 

*Fuse  wire  (x)  correction* — ^For  the  fuse  wire  correction  midtiply  its 


EitaertonTuel  Calorimeter. 
Heat  of  Combustioii. 

SAMPLE  RUN 


Sample  No.  t28  (air  dried) 
Thermometer  used.  No  2295. 
Wei|^  of  tube  and  coal  =s  7-9379 
Weight  of  tube  e=  y.07.i3 

Weight  of  fuel  .8666  grams 

Weight  of  water        1900  grams 


November  »,  191Z 
Run  No.  2 

Room  Tempi  e=  22*  C 


Time 
0 

Temp. 

aa348 

I 
2 
3 
4 
5 

2a352 
20^58 
2a362 
ao^ 
20376  Firing  Temp. 

30 

21.000 

Tempi 
22.600 
22.900 
23.100 
23.150 
23.IW 

33.196  Max.  Temp. 

23.196 

23.194 


Time 
10 
II 
12 
13 
H 
15 


Temp. 

23.194 
23.188 

23.174 
23.166 

33.158 
?3.iS0 


READINGS  OF  THERMOMETER 

Time 
6 
30 

7 

30 
8 

30 

9 

30 

/  Calibration  \ 
\  CorrecUoQ  / 

Temperature  at  firing  s=  20376  +  (— x>ii)  =  20365 

Temperature  at  max.  rs  23.196  +  (+  Jom)  =3  23.198 

Rise  in  temperature  corrected  for  errors  in  the  thermometer  ss  2.833 

Rate  of  change  of  temperature  before  firing  — r  00056  ss  Ri 

Rate  of  change  of  temperature  after  maximum  temperature  8=s  00088 

Total  cooling  correction  ss  - 

Total  cooling  correcUon  =  ^Ziffi§$2  ^  (0  +  <+ ^>^  (2.5)  «  .006  (additive) 

Total  corrected  rise  in  temperature  ^  2.841 

lUse  per  gram  of  sample  =  3.278 

The  water  equivalent  of  bomb,  calorimeter  can,  stirrer,  etc.  as  490 

Gram  calories  per  gram  of  coal  =  (1900  +  490)      3.278  =3  7834 

British  Thermal  Units  per  pound  of  coal  :=  7834  X  '^^  =  14.100 

*  Rate  for  last  five  minutes. 

The  above  are  Centigrade  temperatures. 


Ra* 
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weight  in  milligrams  by  1.6,  which  is  the  number  of  calories  per  milligram. 
The  result  is  in  given  calories. 

*Nitric  acid  (y)  correction, — ^The  bomb  is  carefully  washed  with  water. 
The  washings  are  titrated  with  standard  ammonia  solution  (containing 
.00587  grams  of  NHa  per  cc).  The  correction  is  6  gram  calories  per  cc, 
of  the  ammonia  solution. 


CONDENSER 


STOP  COCK 


ABSORPTION 
BULB 


LEVELING 
TUBE 


BURETTE 


-JACKET 


SUPPORT 


Fig.  3,436. — ^Apparatus  for  determination  of  total  carbon  for  use  in  cofinection  with  Parr 
calorimeter.  Operation:^  The  fused  material  is  brought  into  the  flask,  and  dissolved  with 
the  washins[S  from  the  interior  of^  the  bomb.  By  admitting  acid  from  the  funnel,  the 
carbon  dioxide  is  liberated  and  carried  over  into  the  jacketed  burette.  In  this  condition, 
also,  the  temperature  may  be  read  by  means  of  the  thermometer  suspended  in  the  water 
surrounding  the  burette.  The  gas  thus  measiired,  which  may  also  have  a  small  admixture 
of  air,  is  conducted  over  into  the  absorption  bulb,  in  which  is  contained  a  solution  of 
caustic  potash  for  absorbing  the  COi.  Upon  releasing  the  residual  gas  to  the  burette » 
and  reading  the  volume,  the  dimensions  indicates  the  volume  of  carbon  dioxide  present  at 
the  outset.  The  apparatus  permits  of  boiling  the  liquid  in  the  flask  in  order  to  expel  the  dis* 
solved  gases,  and,  by  means  of  the  condenser,  the  gas  is  handled  at  a  constant  temperature. 


*NOTB. — Detailed    instructions    for  making  corrections  and  calculations  are  given  in 
the  Bureau  o/  Mines'  technical  paper  No.  8« 


*NOTE. — For  the  derivation  of  the  correction  figures  and  other  details,  see  U.  S.  Buream 
of  Mines'  technical  paper  No.  8,  1913. 
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'Sulphur   (b)   correction. — Tbia  ccarection,  which  is  obtajsed  by 
predpttation  as  barium  sttlphate.is  13grnm  calories  p«r  .01  gram,  of  sulphur. 

Ques.    What  is  the  water  equivalent  of  a  calorimeter? 

Ans.  It  is  the  heat  capac- 
ity of  the  apparatus  referred 
to  water  as  unity;  that  is, 
the  sum  of  the  product  of 
three  weights  of  the  parts 
by  their  several  specific 
heats. 


1 .  By  burning  in  the  calori- 
meter a  known  weight-^  a. 
substance,  the  heating  value  of 
which  is  accurately  known,  and 
calculating  the  water  equiva- 
lent by  the  heat  difference. 
This  method  used  by  the£  ureau 
of  Mines  because  of  its  con- 
venient application, 

2.  By  the  method  of  mix- 
tures. 

3.  By  introducing  electric- 
ally into  the  calorimeter  a 
known  quantity  of  heat. 


given     substance    but    using 
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lulphale  is  pouied  into  the  dropping  funnel  F ,  and  grkduaQy  admitted  Uuvugh  the  pump 
cock  C,  into  the  graduated  tube  A.    The  lens  effect  at  the  bottom  of  the  tube  1»  obtained  by 

= -— --tC  the  Bame  in  water.    By  noting  the  depth  at  whtch  the  light  firmi  the  umedB^ 

a  rnding  is  obtained  dinctly  irtiicb  iudicatea  Uie  percentage  U  mUttua  ia  the 
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difierent  amounts  of  water;  these  equations  may  be  results  involving 
two  unknown  quantities,  namely,  the  water  equivalent  and  the. heating 
value  of  the  substance. 


Ash  Analysis. — ^According  to  the  method  employed  by  the 
Bureau  of  Mines,  ash  is  detenuined  in  the  residue  of  dried  coal 
from  the  moisture  determination  the  porcelain  capsule  containing 


Pia.  3.43S. — SdentU  calofimeter.    It  is  of  tlie  Bcrtbelot  tvpe.    The  st«l  bomb  I*  9W  Incbia 

-1  diameter  by  SK  iacbn  high;  J^' — >■  — "■ '-■-  '■-■ ;— lj.      tt _*  .t. 

tjtah  of  the  regular  outfit  hak  a 
nd  a  also  provided  with  an  intu 

n  insulated  electrode,  but  cau  \ 


aeter  by  3K  iiK±pi  high;  ^inch  wall;  porcelain  lining  on  iniide.  The  cc 
DomD  of  the  regular  outfit  has  a  needle  valve  with  n  screw  connection  for  tho  m 
and  ia  also  provided  with  an  intulated  electrode  to  which  one  terminal  of  the  eW- 


fiBing  it  with  compressed  oiygen.    Toil  calotiinet«i  is  also  m 


aly  Ee  them  for 
to  the  bottom 
e  Ixnnb  bcjon 


this  residue  is  placed  in  a  muffle  furnace  and  slowly  heated  until 
the  volatile  matter  in  the  coal  is  driven  off. 

The  object  of  the  slow  heating  is  to  avoid  coking  the  sample  and  thus 
maldng  its  burning  difficult:  furUiermore,  if  a  coal  that  is  high  in  volatile 
matter  be  rapidly  heated,  the  gas  generated  has  a  tendency  to  ei^lode 
witl^  the  capsule  and  thus  csrry  oS  mechanically  portions  of  the  ash. 
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PIN  HOLE  eXIT 

Pig.  3.439.— Carpenter  calorimeter.  It  differs  from  other  calorimeters  in  th8tpr5vi 
in  the  apparatus  for  giyin^the  heating  value  of  the  fuel  almost  direct  in  S  .1 .11 . 
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The  ignition  in  the  miiffle  is  continued  at  a  temperature  of  about  750^C.  ^ 
with  occasional  stirring  of  the  ash,  until  all  particles  of  carbon  have  disap- 
peared .  The  capsule  with  its  contents  is  then  taken  from  the  muffle ,  cooled 
m  a  desiccator,  and  weighed,  after  which  it  is  replaced  in  the  muffle,  heated 
for  half  an  hour,  cooled  in  a  desiccator,  and  weighed  again. 

If  the  change  in  weight  be  less  than  .0005  gram  (if  the  change  be  greater 
than  this,  the  ash  is  again  ignited  for  30  minutes  and  the  i)rocess  is  repeat^ 
tmtil  the  variation  in  weight  between  two  successive  ignitions  is  .0005 
gram  or  less) ,  the  weight  is  considered  as  constant  and  the  weight  of  the 
capsule  is  deducted  from  the  last  weighing* 

The  weight  of  the  capsule  and  ash  minus  the  weight  of  the  capsule  is  taken 
as  the  weight  of  the  ash. 

In  the  case  of  coals  high  in  iron,  some  difficulty  is  often  experienced  in 
ignition  to  constant  weight,  because  of  the  oxidation  and  reduction  of  iron 
oxides. 

Ash  as  determined  by  this  method  represents  the  mineral  matter  that 
remain?  in  coal  after  ignitioa. 

Analysis  of  Liquid  Fuels. — The  determination  of  carbon 
and  hydrogen  in  liquid  fuels  is  made  in  the  same  manner  as 
that  concerning  the  solid  fuels,  using  special  means  for  preventing 
loss  in  the  various  processes  on  account  of  the  volatile  character- 
istics of  the  fuel.    The  ultimate  analysis  of  liquid  fuel  like  that  of 


Fig.  3,430. — Text  continued. 

together.  The  difference  gives  the  weight  of  the  coal  used  for  the  test.  The  cup  is  then 
placed  in  i>roper  position  on  the  bottom  phtg,  which  is  inserted  in  the  combustion  cylinder. 
Raise  the  igmtion  wire  above  the  coal,  turn  on  the  current  which  will,  of  course,  heat  the 
air  in  the  cylinder  and  cause  the  water  to  rise  slightly  in  the  glass  tube.  As  soon  as  this 
commences,  turn  on  the  oxygen  and  pull  down  the  ignition  wire  to  kindle  the  coal ,  at  the  same 
instant  taking  the  reading  on  the  glass  scale.  When  combustion  has  finished  as  determined 
by  looking  through  the  observation  windows,  the  scale  reading  and  the  tkne  should  be 
taken.  The  difference  between  the  first  and  last  readings  taken  will  be  the  actual  scale 
reading.  This  must  be  corrected  for  radiation.*  The  amount  of  ash  is  determined  by 
weighing  tiie  asbestos  cup  after  combustion.  Dividing  the  BJm.  develop^  during  the  test 
by  the  weight  of  coal  burned  in  pounds  gives  theBJ.u,  per  pound.  For  ordixiary  everyday 
work  this  is  one  of  the  most  convenient  pieces  of  apparatus  that  has  been  devised,  but  does 
not  show  quite  as  accurate  results  in  use  as  the  Mahler. 


*NOTE. — ^To  make  this  correction  let  the  apparatus  stand  with  the  oxygen  shut  off  as 
loii|S  as  it  took  for  the  combustion  to  take  place,  then  take  the  scale^reading  and  the  time. 
It  is  assumed  that  the  drop  in  the  scale  reading  during  this  time  will  indicate  the  amount  of 
the  radiation  which  took  place  during  the  combustion,  and  should,  therefore,  be  added  to  the 
actual  scale  r^uling  to  give  the  corrected  reading.  With  each  calorimeter  is  furnished  a  cali- 
bration curve  from  which  by  comparison  with  the  corrected  scale  reading  the  BU.u,  devcdox>ed 
during  the  combustion  can  be  foimd. 
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coal,  should  only  be  undertaken  by  a  per- 
son familiar  with  all  the  necessary  details. 

Ques.  How  is  the  sulphur  test 
made? 

Ans.  The  oil  or  other  liquid  is  heated 
with  nitric  acid  and  barium  chloride.  The 
quantity  of  sulphate  of  barium  thus  pro- 
duced is  ascertained  by  filtering  and  weigh- 
ing, and  the  sulphur  calculated  from  the 
known  composition  of  the  compound. 

Pig.  3,440. — ^Thonii>son  calorimeter.  A  simple  form  for  ap- 
pzozimate  determination  of  the  heating  value.  It  eonmiMtm 
of  a  glass  cylinder  A.  closed  at  the  lower  en4,  to  contam 
water,  and  a  copper  vftsel  B ,  caUed  the  coni^*"  iet,  which  is 
closed  at  the  upper  end  with  a  copper  cover  >.  -..vlBg  a  metal 
tube  C,  with  a  stop  cock  at  the  top.  The  lakw^pM.  of  B.  is 
opened  and  is  penorated  near  the  open  end  by  ,a  series  of 
small  holes.  D,  is  a  metal  base  upon  which  B,  is  fixed  by  3 
springs  attached  to  D,  and  pressing  against  the  internal  sur^ 
face  of  B.  A  series  of  holes  is  made  near  the  rim  of  D,  to 
assist  in  mixing  the  water  and  allow  of  easier  raising.^  In- 
side B,  is  a  copper  cylinder,  B,  called  the  furnace,  which  is 
closed  at  the  lower  end  only  and  fits  into  a  metal  nng  in  the 
"'*''"*  center  of  D.    The  weight  of  water  used  is  967  times  that  of 

the  fuel  burned,  so  that  the  rise  in  temperature  of  the  water  in  degrees  Fahrenheit  is  equal 
-to  the  number  of  pounds  of  water  which  1  pound  of  the  fuel  will,  theoretically,  evaporate 
from  and  at  212^  Fahr.  Ten  per  cent  is  added  to  this  number  as  a  correction  for  the  heats 
absorbed  by  the  apparatus  itself.*' 


'"NOTE. — In  operation  30  grains  of  finely  powdered  fuel  is  mixed  with  10  to  12  time 
its  weight  of  a  perfectly  dry  mixture  of  3  parts  chlorate  of  potash  and  1  part  niter.  This 
fuel  mixture  is  carefully  pressed  into  the  ftunace  E,  and  the  end  of  a  slow  fuse  about  .5 
inches  long  is  inserted  in  a  small  hole  made  in  the  top  of  the  mixture.  The  ftimace  is  placed 
on  the  base  D,  the  fuse  lighted  and  the  condenser  B ,  with  its  stop  cock  shut  is  fixed  over  the 
furnace.  Previously  the  cylinder  A,  has  been  charged  with  29,010  grams  of  water,  the 
temperature  of  which  must  be  recorded.  The  condenser  and  base  are  now  quickly  placed 
in  the  cylinder  and  the  fuse  ignites  the  fuel  mixture.  The  end  of  combustion  will  be  shown 
by  the  ceasing  of  bubbles  of  gas  rising  through  the  water.  The  stop  cock  is  opened  so 
that  water  enters  the  condenser  by  the  holes  at  the  bottom  and  by  moving  condenser  up  and 
down,  the  water  is  thoroughly  mixed  so  as  to  give  it  a  uniform  temperature.  This  is 
measured  with  a  thermometer  and  recorded.  By  adding'  10  per  cent  to  the  rise  in  degrees 
Pahrenheit  of  the  temperature  of  the  heating  value  of  the  coal  is  determined  approximately* 
The  heating  value  in  BJ.u,  is  found  by  multiplying  this  by  970.4  (latent  heat  of  steam  at 
14.7  pounds  ab.  pressure) .  The  furnace  works  best  with  bituminous  coal,  but  coke,  anthra- 
cite and  other  more  difficult  combustibles  can  be  tested  by  using  a  wider  and  shorter  furnace 
and  not  pressing  the  fuel  mixture  down. 
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It  has  been  said  that  fully  one-fourth  of  the  average  plant's 
fuel  supply  is  wasted.  The  reason  why  careful  operation  can 
lead  to  so  much  higher  boiler  efficiency  is  that  this  waste  is 
largely  in  the  heat  carried  away  in  the  gases  passing  up  the 
chimney,  the  excessive  volume  of  which  is  usually  not  realized. 

It  is  possible  by  means  of  a  chemical  analysis  of  the  flue 
gases  to  determine  the  amount  of  fuel  being  wasted,  which  will 
serve  as  a  guide  to  the  fireman  as  to  the  efficiency  of  his  firing 
methods.  If  the  flue  gas  analysis  show  wasteful  combustion,  it 
indicates  that  some  change  must  be  made  in  one  or  more  of  the 
following  items: 

1.  Method  of  firing  for  the  coal  in  use  (coking  or  spreading 
methods) . 

2.  Condition  of  fuel  surface  as  to  being  level  to  keep  it  free 
of  air  holes. 

3.  Depth  of  fuel. 

4.  Draught  for  the  thickness  of  the  fuel,  and  load. 
6.    Secondary  air  supply. 

6.     Condition  of  setting  as  to  cracks. 

Engineers  are  well  acquainted  with  the  term  COs.  Measurement  COs  or 
carbcm  dioxide  escaping  through  the  chimney  is  a  simple  way  of  measuring 
the  heat  laden  gases  escaping  up  the  chimney  and  is  the  index  of  combustion 
efficiency. 
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On  acceptance  tests,  with  careful  firing,  testing  will  show  efficiency  of 
70%  to  80%,  but  in  practice  with  indifferent  firing  the  same  results  are  not 
obtained. 

K  the  fuel  were  pure  carbon  and  all  of  the  oxygen  combined 
with  the  carbon  as  it  passed  through  the  fuel  bed,  the  resultant 


hhh  COAL 

muff 
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Pig.  8,441. — Saving  in  dollars  per  year  per  100  boiler  horse  power  by  increasing  the  percentage 
of  COs,  in  the  flue  gases.  Supi>ose  for  instance,  that  the  original  percentage  of  CDs  be  7. 
and  with  somewhat  better  firing  it  be  increased  to  only  8  per  cent.  Starting  at  the  7  per  cent 
mark  on  the  horizontal  base  line  and  rising  to  the  C  per  cent  curve  then  running  over  hori- 
zontally to  the  left,  as  indicated  by  dotted  line,  gives  with  this  measure  of  COs  and  coal 
at  $3.00,  a  yearly  saving  of  $2^0.00. 


products  of  combustion  would  be: 


21%  of  CO2 
79%  of  nitrogen 
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In  practice,  however,  it  is  found  that  excess  air  has  to  be  introduced  to 
insure  complete  combustion  of  ordinary  coals  and  other  fuels.  This  excess 
should  be  not  less  than  40%  nor  more  than  60%.  This  lowers  the  per- 
centage of  COs  in  practice  to  from  13  to  16%,  depending  upon  the  nature 
of  the  fuel. 

All  air  which  is  introduced  into  the  furnace  in  excess  of  40%  to  60%  cools 
heated  gases  of  combustion  and  is  a  detriment  to  furnace  efficiency,  for 
steam  is  made  by  virtue  of  the  difference  in  temperature  of  the  flue  gases 
and  the  water  in  the  boiler. 


The  following  table  gives  the  cooling  effect  due  to  excess  air: 


Cooling  Efifect  of  Various  Percentages  of  Excess  Air 

(Based  on  coal  containing  C-85%;  H-2.5%;  N-1%;  Ash-7.75%,  and  B.<.i*.-U,760  per  pound 

Tempemture  of  external  air-O  F.) 


Boner  capacity  Iff 

Ideal  Tempera- 

Loss  of   Tem- 

Temperature     o  f 

per    cent,    of    cap 

Exc€8s  Air  in 
Per  Cent. 

ture  of  Com- 
bustion. 

perature   Due 
to   Dilution 

combustion      com- 
pared   with    that 
developed'by  Mini- 

parity at  40%  ex- 
cess air  Flue  gas 
temperature       as- 

Degrees 

Degrees 

mum   Quantity  of 
Air 

sumed  constant  at 
600<».  Boiler  tem- 
perature assumed 
as   860°F. 

O    (or  Min. 
Quantity) 

5,1 320  F 

10%  excess 

4.710 

422 

91.8% 

• .  •  • 

20 

4.352 

780 

84.8 

•  < . . 

30 

4,044 

1,088 

78.8 

• .  . « 

40 

3,777 

1,355 

73.6 

100 

50 

3,543 

1.589 

69.0 

93.5 

60 

3,336 

1.796 

65.0 

88.2 

70 

3,153 

1.979 

61.4 

83.0 

80 

2,988 

2.144 

58.2 

78.5 

90 

2,840 

2.292 

55.3 

74.5 

100 

2,705 

2.427 

52.7 

70 

125 

2,419 

2.713 

47.1 

63.0 

150 

2,188 

2.944 

42.6 

56.6 

175 

1,997 

3,135 

38.9 

51.5 

200 

1.837 

3,295 

35.8 

47.0 

Excess  air  also  tends  to  chill  the  flue  gases-  If  carried  to  such  an  extent 
that  the  gases  are  chilled  below  the  ignition  point,  carbon  (soot)  is  de- 
posited on  the  metal  surfaces  of  the  boiler  and  the  chimney  smokes.  Car- 
bon which  might  otherwise  have  been  burned  and  added  to  the  heat  value 
of  the  gases  is  lost.  It  also  becomes  a  detriment  by  preventing  the  absorp- 
'tion  of  heat  by  the  boiler  stirfaces. 
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A  little  increase  in  the  percentage  of  COt,  obtained  in  better  firing 
methods  will  represent  a  considerable  decrease  in  excess  air  carrying  heat 
away  up  the  chimney. 

The  curves,  fig.  3,441  show,  as  an  example,  the  dollars  saved  per  100 
boiler  horse  power  operating  continuously  for  one  year,  for  various  pric^ 
of  coal  and  various  mcreases  in  COj. 

The  principal  constituents  of  the  gases  in  the  flue  or  chimney  are : 

1.  Oxygen  3.    Carbonic  dioxide 

2.  Nitrogen  4.    Carbonic  nonoxide 

The  object  of  the  analysis  is  to  determine  the  percentage  of 
these  gases  present,  and  to  deduce  therefrom  the  amotmt  of  air 
actually  entering  the  furnace,  as  compared  with  the  air  theo- 
retically necessary  for  combustion.  If  all  the  air  admitted  to 
the  furnace  could  be  brought  into  such  intimate  contact  with 
the  fuel  that  every  *atom  of  the  oxygen  contained  in  it  could 
be  utilized  for  the  purposes  of  combustion,  the  escaping  gases 
would  practically  consist  of  only  carbonic  acid  and  nitrogen — 
that  is,  each  atom  of  the  carbon  of  the  fuel  would  imite  with  two 
atoms  of  oxygen  in  the  air  admitted,  forming  CO2,  the  nitrogen 
passing  through  unchanged. 

Such  a  result  is,  however,  unattainable,  and  unless  an  excess 
of  air  be  admitted,  the  carbon  will  not  be  completely  consumed, 
and  CO,  consisting  of  one  atom  of  carbon  combined  with  one 
atom  of  oxygen,  will  be  formed,  instead  of  CO2. 

The  formation  of  CO  results  in  a  very  serious  loss  of  heat, 
and  must  therefore  be  prevented  by  admitting  some  excess  of 
air. 

The  excess  of  oxygen  required  is  generally  from  6%  to  8% 
of  the  voltime  of  the  gases.  If  there  be  less  than  6%  of  oxygen 
there  will  almost  certainly  be  traces  of  CO. 

There  are  upon  the  market  a  number  of  instnunents  for  analyzing  flue 
gases  which  are  not  difficult  to  operate  and  give  results  sufficiently  accurate 
tor  practical  purposes. 
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Sampling  Gases. — Preliminary  to  maJdng  an  analysis  a 
sample  of  the  flue  gases  must  be  obtained  and  in  order  for  the 
analysis  to  be  of  any  value  it  is  necessary  that  the  sample  taken 
represent  correctly  the  average  of  the  flue  gases . 

There  are  numerous  methods  of  obtaining'an  averse  sample 
and  considerable  difference  of  opinion  exists  as  to  which  is  the 
best. 


Fic  3,413. — Pnciaioa  gu  collector.  It  contItU  oft  tub-atsodud  KBlvHniied  iioa  tank  with 
piping  amiogtd  tor  eonitantly  drawing  a  sample  ofgaa  from  the  flue.  There  is  a  pennaneol 
oil  nuface  for  the  water  in  the  collector  to  prevent  the  abaoiption  of  COi  by  the  water. 

Am.  Soe.  of  M.  E,  lUethod,~The  sample  for  flue  gas  analysis  should 
be  drawn  from  the  region  near  the  center  of  the  main  body  of  escaping 
^ses  using  a  sampKng  pipe  not  larger  than  Ji  inch  gas  pipe.  The  point 
selected  should  be  one  where  there  is  no  chance  for  air  leakage  into  the  flue 
which  could  affect  the  average  quality. 

In  a  round  or  square  flue  having  an  area  of  not  more  than  J^  of  the  grate 
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surface,  the  sampling  pipe  may 
be  introduced  horizontally  at 
the  center  line,  or  preferably  a 
Httle  higher  than  this  line,  and 
the  pipe  should  contain  perfor- 
ations extending  the  whole 
length  of  the  part  immersed, 
pointing  toward  the  current  of 
gas,  the  collective  area  of  the 
perforations  being  less  than  the 
area  of  the  pipe.  The  pipe 
should  be  frequently  removed 
and  cleaned. 

It  is  advisable  to  take  sam- 
ples both  from  the  flue  and 
from  the  furnace,  so  as  to  de- 
termine the  amount  of  air  leak- 
age through  the  setting  and  the 
changes  in  the  composition  of 
th^  gas  between  the  furnace 
and  the  flue. 

Bureau  of  Mines  Method. 

— ^A  water  cooled  tube  or  a 
quartz  tube  is  preferred  to  a 
plain  metal  tube. 


Pig.  3,443. — ^Hays  automatic  gas  collec- 
tor. In  operation,  close  valve  GV, 
open  gas  cock  GC,  and  turn  on  the 
water  by  opening  valve  WV.  Should 
the  water  overflow  through  the^  over- 
flow pipe  OP,  before  the  tank  is  full, 
remove  plug  of  gas  cock  GC,  and  see 
that  opening  is  not  stopped  with  grease 
or  dirt.  If  there  be  no  stoppage,  close  valve  WV,  gradually  until  overflow  ceases.  When 
the  tank  has  been  filled  water  will  overflow  through  pipe  OP.  To  collect  a  sample,  fiist 
close  WV  and  GC,  then  open  GV.  Water  will  then  flow  from  the  Tank  T,  into  now  rejgu- 
lator  R,  and  be  discharged  through  drip  DC,  the,  drip  cock  DC,  should  be  set  to  just 
about  fill  the  tank  with  gas  during  the  sampling  period.  Analysis  should  be  made  at  each 
end  of  each  watch.  In  operating  the  collector  it  is  necessary  to  use  the  valve  WV,  GV 
and  cock  GC.  The  sample  may  be  taken  from  the  collector  and  the  tank  T,  refilled  with 
water  without  disturbing  DC.  To  pump  gaa  from  the  collector  set  cock  of  the  analyzer 
in  the  open  position;  hang  leveling  bottle  upon  the  flange  of  the^case  and  be  sure  it  is  mled 
with  water.  Close  GV,  open  GC,  and  WV.  Water  will  flow  into  the  back  and  force  gas 
out  into  the  analyzer. 


NOTE. — Hays  objects  to  the  ordinary  perforated  sampling  pipe  because:  1,  gas  will 
flow  fastest  along  the  lines  of  least  resistance;  2,  the  nearest  hole  wiU  ftimish  more  gas  than 
the  next  one,  etc.;  3,  liability  of  some  of  the  small  holes  to  become  stoi>ped  up;  4,  no  means  of 
knowing  when  holes  are  stopped  up;  5,  the  velocity  of  the  gas  decreases  from  the  center  of  the 
boiler  toward  the  sides,  so  that  even  if  it  were  post>ible  to  secure  uniformity  of  gas  flow  through 
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Ques.  What  determines  the  location  of  the  sampling 
tube? 

Ans.    The  use  to  be  made  of  the  gas  anal3rsis. 

If  the  total  heat  losses  be  the  desired  data,  the  sample  should  indude 
all  the  air  leakage  into  the  setting;  if  the  analysis  be  made  as  a  guide  for 
controlling  the  fire,  the  gas  sample  should  be  taken  at  some  point  before 
they  are  diluted  by  le£ikage  through  the  setting. 

Ques.  What  method  of  taking  the  sample  is  most 
desirable? 

Ans.  It  is  best  to  draw  a  continuous  sample,  using  a  suitable 
ejector,  and  provide  a  branch  pipe  from  which  to  obtain  the  test 
sample.  • 

The  test  sample  can  then  be  taken  either  momentarily  or 
continuously  according  to  requirements.  Momentary  samples 
should  be  taken  every  five  minutes. 

The  conditions  at  the  time  of  taking  the  sample  should  be 
recorded  in  order  to  be  able  to  determine  the  meaning  of  the 
analysis. 

Speed  is  essential  in  taking  gas  samples  as  conditions  may 
change  from  instant  to  instant. 

Flue  Gas  Collectors. — ^These  are  used  for  holding  an  average 
sample  over  a  given  time,  obtained  by  collecting  samples  every 
few  minutes.  These  holders  should  be  of  sufficient  capacity 
to  hold  150  to  200  cubic  centimeters  of  gas  and  may  be  of  the 
form  shown  in  fig.  3,443. 

The  practice  of  collecting  gas  over  water  in  collectors  is  objec- 
tionable in  that  the  water  may  absorb  or  give  up  CO2  thus 


NOTE. — Continued, 

all  of  the  perforations  in  the  tube,  the  sample  derived  would  not  be  an  average  one;  there  is  no 
value  of  taldns  a  cross  sectional  sample  from  side  to  side  unless  there  be  added  to  this  another 
cross  sectionsu  sample  extending  longitudinally  from  baffle  to  baffle. 


FLUE  GAS  ANALYSIS 


rendering  the  percentage  of  CO3  incorrect  in  the  gas  sample. 
A  brine  solution  will  absorb  COj  less  readily  than  will  water. 


ctot,  capacity  ISO  to  200  c.c.  of  gu.    The  bottle  is  pKWided 

1  pmed  two  tubei,  one  of  which  comiects  Ctmugh  tlu  nibber  tube 
and  extends  to  the  bottom  of  the  bottle,  the  other  er''"  "'  ■■■"■ 

!  ^an  and  rubber  tnbfaw  to  the  ssmphiia  tube,  while  the  ottur  connects 

<n  the  ejector  used  to  omw  the  gaa.    From  the  bottom  of  the  bottle  iit..  ^.,  „ 

tube  with  a.  rubber  connection  which  connecti  the  water  to  water.  In  operation,  pmdi 
cock  A,  is  closed  and  H ,  opened  thus  Bllawins  the  water  to  £11  the  bottle  completely.  The 
pinch  cock  H,  ia  then  closed  and  J,  opened,  and  the  ^as  drawn  throosh.    The  T,  br  the 

Cpudp  in  order  to  remove  all  aii  which  may  remain  in  the  sat  connectioni-  After  this  hsa 
X  TunniuH  for  some  time  the  pinch  cock  A,  is  opened  thus  allowina  ti»  water  in  the 
bottle  to  drain  out  and  driLw  in  the  flue  gas  through  the  tube  J,  when  A,  Is  — '-  -'---■ 
To  diMcharpe  thm  gat  into  the  testing  apparatae,  conned  tube  '"  """  ~" 


lose  pmch  cock  m  J;  by  < 
and  forces  the  gas  into  tbe 


h  cock  H,  water  flows  to  the  bottom  of  the 


"Gas  Pumps. — There  are  three  forms  of  pumps  in  general  use 
-for  drawing  the  gas  into  the  sampling  apparatus: 

1.  Jet  pumps. 

2.  Fall  pumps. 

3.  Steam  pumps. 
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An  example  of  the  first  mentioned  type  is  shown  in  fiz.  3,445,  whidi  con- 
sists of  a,  water  jet,  resembling  very  much  the  conunon  bojer  injector  witii 
an  air  or  gas  connection  and  a  restricted  portion  B,  with  a  Eigcag  tube 

C,  which  is  used  for  breaking  up  the  water  into  foam. 

Ques.    What  is  the  principle  of  a  fall  pump? 

Ans.     Its  operation  depends  upon  the  weight  of  the  water  to 
maintain  a  vacuum. 


In  operation,  water  eat«riii£  at  the  top  drvwfl  ths  air  or 
br  fonninti  successive  pistons  tluouBh  the  restiictsd  paua«B. 
Fk.  3,446. — Bunacn  fall  pump.  II  eoti»l*t»  of  a.  water  counectkni  attached  to  anenlantit 
tube  fi,  and  diflcharysa  the  water  tbrousli  the  tube  C.  which^  la  order  tomamtajn  a  penect 
vaCBum,  ahJDold  be  M  leet  higli.  Inue  enlarged  tube  B.  is  inserted  a  smaller  slaaa  tube 
whidi  extendi  nea^  to  the  bottom  and  eonnect*  at  tlM  other  end  through  G.  B  aod  D.  to 
tiiB  Bai  or  air  mmwetion.  The  enhused  portion  B,  la  provided  to  cab^  anr  water  which 
may  be  drawn  back  Into  the  las  connection,  and  the  stop  cock  H,  is  used  to  diain  it  oB. 
A  Bcala  ud  meccauy  D  tube  a  provided  in  order  to  ascertain  the  exact  vacuum  maintained 
in  the  gas  tubes  to  whkh  it  is  connected  through  the  tube  P.  fn  opemMon,  when  it  is  deaiced 
to  dnw  a  sample  o(  the  lai,  the  tube  D.  is  connected  to  a  branch  of  the  rubber  tubing 
I.  shtnim  on  the  sampling  apparatus.  The  water  connection  is  made  ttuough  the  tube  A. 
and  by  the  oontinnal  falling  of  the  water  acting  as  a  seriea  of  pistons  thnwgh  B,  ud  C. 
■••  is  drawn  from  the  flue. 
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Ques.    Describe  a  steam  pump. 

Ans.  As  shown  in  fig.  3,447,  a  steam 
pump  consists  of  a  lai^  tube  contracted  at 
one  end  into  which  is  inserted  a  cork  B ,  and 
cement  C,  fitted  with  a  covering  D,  provided 
with  a  steam  tube  G,  and  an  air  tube  E,  the 
steam  tube  extending  nearly  to  the  end  of 
the  large  tubing  and  held  in  place  by  the 
washer  A. 

Gas  Analysis. — Carbon  dioxide  gas  is  ab- 
sorbed by  caustic  potash.  This  forms  the 
basis  of  operation  of  all  carbon  dioxide 
instruments.  The  usual  process  of  measuring 
the  carbon  dioxide  in  fiue  gases  is  that  used 
by  Orsat  which  form  the  principle  of  most 
automatic  CO3  recorders. 

Ques.  Describe  briefly  the  usual  pro- 
cess of  gas  analysis? 

Ans.  A  sample  of  the  Sue  gas  is  taken 
and  its  volume  measured.  The  gas  is  then 
passed  through  or  brought  into  intimate  con- 
tact with  a  solution  of  caustic  potash.  As 
CO2  is  measured  by  volumetric  displacement, 
liquid  caustic  is  used.  After  the  CO3  con- 
tents have  beei  absorbed,  the  volume  of  the 
gas  is  again  measured.  The  difference  be- 
tween this  and  the  original  volume  gives  the 
\  n  5^     amount    of     CO^   in    the    gas    and  divided 

—Xr=i      "*     by  the  original  volume,  gives  the  percentage 
of  CO,. 


^ 
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llii;  weight  chirged,  7J4  p 


NOTE. — Care  of  Ortal  Apparatut.  The  operator  will  save  time  and  enpeose  and 
prevent  many  troublesome  ditBcuitiea  by  takine  good  care  of  the  Orsat  upparatus-  If  the 
[round  glass  aurfacea  of  atop  coeka  be  allowed  to  atand  without  cleanine.  they  will  become 
wnented  together  by  alkaline  solutions,  and  the  cocks  cannot  be  operated.  The  ooly  remedy 
!  to  keep  the  stop  cocka  free  from  alkali  and  lubricated  with  a  thin  film  of  vaseline  " 
-   -'- ■-— >. J  .t — i-.i- 1 J :" — ...1,— 1 -topped 


of  vLelh^  If  necessary  the  header  should  also  be  removed  and  washed  £ree  from  alkaU. 
The  water  in  the  burette  and  leveling  bottle  should  be  saturated  with  flue  gas  and  should  be 
dianged  aa  often  as  it  becomes  dirty.    If  the  water  become  alkaline  by  solution  being  drawn 

carbon  dioside  will  be  absorbed  by  the  alkaline  water  and  the  percentage  of  COi  indicated  by 

i^>paratus  tested  for  leaks  before  work  is  started,    llus  is  especially  necessuy  when  the  Onat 
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Ques.  Describe  the  Orsat  apparatus  for  analyzii^ 
flue  gases? 

Ans.  It  is  a  portable  instrument  contained  in  a  wooden  case 
with  removable  sliding  doors  front  and  back,  and  consists 
essentially  of  a  measuring  tube  or  burette,  three  absorbing 
bottles  or  pipettes,  and  a  leveling  bottle,  together  with  the 


L 


FOURTH 
PIPETTE  FO 
FINAL  WASI 


Pig.  a.460, — Four  pipette  Oreal  apparatus  for  accural*  analysis.  The  first  pipette  B.cDntauiB 
a  tolution  of  caustic  potaih  the  second  C,an  allulineEoIution  of  pyroEallic  acid  and  the  remain- 
inE  two  D.  and  B.  a  sotutiOD  of  cuprous  chloride.  Each  pipette  contains  a  number  of  (las 
tubes,  to  which  aome  of  the  solution  clings,  thus  facilitating  the  absoi^lion  of  the  pas.    In 

becomra  weakened .  The  rear  halfof  Mch  pipette  is  fitted  with  a  nibfier  bag,  one  of  which 
i<  «hn»n  Mt  K.  to  protect  the  solution  from  the  action  of  the  air.  The  solution  in  each 
auld  be  drawn  up  to  the  mark  on  the  capillary  tube.  The  various  operations 
ned  the  same  aa  with  the  three  pipette  apparatus  with  the  exception  that  after 
;  been  in  pipette  D,  it  is  given  s  final  wash  in  E.  and  then  passed  into  the  pipette 
ralize  any  hydrochloric  acid  fumes  ^hich  may  have  been  given  off  b^  tbe  cuprous 
lution.  which,  especially  if  it  be  old,  may  give  off  such  fumes,  thus  locreasins  tbe 
the  fiases  and  making  the  reading  on  the  burette  leas  than  the  true  amoimt- 
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connecting  tubes  and  apparatus.  The  bottle  and  measuring 
tube  contain  pure  water;  the  first  pipette,  sodium  potassium 
hydrate  dissolved  in  three  times  its  weight  of  water;  the  second, 
pyrogallic  acid  dissolved  in  a  like  soditmi  hydrate  solution  in  the 
proportion  of  5  grams  of  the  acid  to  100  cubic  centimeters  of 
the  hydrate;  and  the  third  cuprous  chloride. 

Ques.    Briefly,  how  does  it  work? 


Fig.  3,451. — ^Hempel  pipette.  It  works  on  the  same  principle  as  the  simple  form  of  Orsat 
apparatus,  excepting  that  the  absorption  may  be  hastened  by  shaking  the  pipettes  bodily 
bringing  the  chemical  into  more  intimate  contact  with  the  gas.  The  illustration  shows 
a  single  pipette  set;  several  of  these  are  necessary  for  the  treatment  of  the  different  con- 
stituent gases.  For  each  process,  after  absorption  the  quantity  absorbed  is  determined  by 
returning  the  gas  into  the  measuring  burette  and  observing  the  successive  differences. 

Ans.  After  completely  drawing  out  the  air  contained  in  the 
supply  pipe,  a  sample  of  the  gas  is  drawn  into  the  measuring 
tube  by  opening  the  necessary  connections  and  allowing  the 
water  to  empty  itself  from  the  tube  and  flow  into  the  bottle. 
The  quantity  of  gas  drawn  in  is  adjusted  to  100  cubic  centimeters. 
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By  opening  one  by  one  the  connections  to  the  pipettes  and 
raising  and  lowering  the  water  bottle,  the  sample  is  alternately 
admitted  to  and  withdrawn  from  the  pipettes,  and  the  ingredients 
one  by  one  absorbed. 


Fig.  3.452. — ^Bliot  apparatus.  It  con»{at9  of  a  measuring  tube  A,  a  heatinfir  tube 6,  with 
a  top  connection  ET,  provided  with  a  stop  cock  F,  and  a  three-way  cock  J.  Pressure  bottifls 
G,  and  H ,  are  provided  with  rubber  connections  to  the  tubes  A ,  and  B ,  as  shown.  In  cfiers- 
tion,  distilled  water  is  put  into  the  tubes  and  bottles,  and  the  bottles  are  placed  iqxm  'tiie 
shelves  provided  for  them,  the  stop  cocks  F,  and  J,  being  closed.  Connection  is  made  to 
the  gas  holder  through  J,  which  is  turned  to  open  straight  from  the  tube  B.  By  kywexxng 
the  bottle,  H,  the  gas  is  then  drawn  into  the  treating  tube  when  J,  is  turned  to  connect  B, 
and  £.  By  opening  P,  raising  H,  and  lowering  G,  the  gas  is  drawn  into  the  measctzixtg 
tube.  A,  the  water  m  G,  being  kept  at  the  same  level  as  in  A,  by  raising  or  lowerins  the 
bottle,  H.  The  tube.  A,  is  graduated  so  that  the  amount  of  gas  it  contains  can  readily  be 
determined  from  the  scale,  and  this  amount  for  convenience  is  usually^  100  cubic  centimeters. 
The  stop  cock  F,  is  then  closed  and  with  J,  opened,  the  bottle  H,  is  raised  until  aU  stas  is 
expelled  from  the  tube  B.      By  turning  J,  £,  is  connected  to  B,  F,  is  then  opened  and  the 
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Irst  inpette  absorbs  car- 
odde  COi,  the  secood, 
O,  and  the  third,  car- 
ooxide  CO.  The  quan- 
jorbed  in  each  case  is 
ned  by  finally  return- 
sample  to  the  meas- 
irette  and  reading  the 

percentage  of  COi  is 
■ect^  by  the  first  ab- 
.  Those  of  the  other 
'edients  are  the  respec- 
Terences  between  the 
t  taken  after  succesdve 


centric  eina  abanptioii 
pipBtla  filled  with  fivegliua 
tubn,  mounted  on  >  cues- 
Ibt  metal  rtand  with  stop 
ODck,  toA  bottle  containing 
mter.  The  gu  pasaea 
thiDugh  ■  filter  to  neutraW 

the  buictta.  The  buretle 
ifl  of  auch  form  aa  to  be 
adaptedforuaeBaK  dnught 

uiing  butetle  for  VOe  iwr- 
centage     of     COi    having 


B ,  (or  treatment.    A  t  per  cent,  aolation  of  cauitic  potaib  u  then  poured 
'to  drip  alone  the  aides  of  the  treating  tube  until  no  further 

-..     ,_i  ii  then  poised  into  A,  and  lueaBund,  its  loji  in  volume. 

liDxide,  being  noted.     Treatment  for  oiyEen  ia  then  pioMeded  with, 
^. .-  ...a  cauatic  potaah,  a  solution  of  b  gruns  oFpyrogallic  acid  in  Ifi  cubic 

i„.  —  .1 1, —  .1. Carbon' monoiide^iB  then  absoibed  by  a  solution 

de  in  lOO  cubic  centimeteis  of  concentrated,  hydn- 

th«  decreaae  in  volume  icpiraeDta  tiie  percentage  of  Che  gas  whicn  haa  b«en  absorbed  bv 
the  treating  aolution .  Tiie  cberaicala  mutt  be  used  in  the  cider  indicated  or  the  reaulta  will 
not  be  correct.     Care  must  be  taken  when  pamiiig  b&ck  and  forth  and  when  letting  in 
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The  maoipulation  of  the  Orsat  apparatu<:  is  explained  in  greater  detail 
in  fie.  3449.  Various  modifications  of  the  Orsat  apparatiu  have  beep 
developed  which  enables  anaJyns  to  be  made  with  greater  raiMdi^  than 
the  form  just  descnbed. 

Ques.    How  is  the  Tolutne  of  air  correspondb^  with 
any  given  volume  of  oxygen  found? 

Ans.     As  the  percentage  by  volume  of  oxygen  in  air  is  21. 
the  volume  of  air  corresponding  with  any  given  volume  of  oxygen 


la  divitknuan  tba  bt 


may  be  fovmd  by  multiplying  by  Vr  >  or  4.762.  Thevolumeof 
air  corresponding  to  a  given  volume  of  COj,  may  also  be  found 
by  multiplying  by  the  same  figures. 
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CO,  O 

13.5%        6% 

=  13.5X4.762  =  64.3 
=  6X4.762  =  28.6 


r  above  that  which  is 


What  precautions 
lid  be  observed  in 
making  a  gas 
analysis  with  the 
Orsat  apparatus 
(fig.  3.449)? 


Pic.  3,MS.— Bacharach  pocket  COt  indicator. 

Ans.  1.  The  absorbent  should  not  be  forced  below  the  point 
d,  or  some  of  the  gas  may  escape  and  be  lost,  and,  of  course, 
an  incorrect  result  obtained.  2.  The  absorbent  must  be  at 
exactly  the  same  level  in  the  tube — say  at  C,  when  measuring 
the  volume  after  the  gas  has  been  absorbed  as  before.  3.  Time 
must  be  allowed  for  the  water  to  drain  down  the  sides  of  the 
tube  before  taking  a  reading.     The  time  niust  be  the  same  on 
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each  occasion,  otberwise  more  water  will  drain  down  at  one  time 
than  another,  and  an  incorrect  reading  result.  4.  Much  care 
should  be  taken  in  preparing  the  cuprous  chloride  solution  and 
it  must  be  known  to  be  fresh  and  capable  of  absorbing  CO, 
otherwise  no  CO  will  be  indicated  when  CO  is  present. 


3,464  to  3,46S. — MBnipulatkm  of  Bkchonch pocket  COi indicator.  Alter taldos  the  in 
or  out  of  the  case,  the  rubber  itopiier  ie  lemc^ed  and  the  two  coda  A  utd  B.bts  pat  u 
■^    -    '-  m  e»ch  other,  cock  A,  hanr -- ■■        ■ 


With  the  m—, ,_ 

o  that  tha  ^a*a  measarins  tube 
la  n>£r  tor  Dsa.  Thaglaia 


C.  the  inijicator  b  IB 


een  Me^irith  KO^(one  fillii  . 

Ilect- 

___., „ . 21  cock  A,  il 

^as  and  EOH  to  come  in  contract  far  chemii   ' 

inclined  downward  and  ahakinj  it.  When  thee „ , 

o  -.u- 1^ 1_  ■    -J  cloBcd  and  the  indicator  held  vertlcaUyupai'lB^dowii  and  ia 


A,  i<  then  turned  ISO' to  permit  the 
1.  helpina  the  procee*  by  iMlldina  it 
as  been  wuned  back  to  tha  ^ma  jar 


in  water.  The  Bubmeised  cock  B.  is  opened  and  the  ingoiog  water,  wi 
(he  abaortxd  COi  ia  leveled  with  that  outside.  The  cock  B,  ia  then  cl 

1 ■-'- its  base.    Opening  the  co'- "  ' -"'"  ■- — -■ 

.   Turning  the  apparatus 


brought  to  its  base.    Opening  the  cock  B.the  per  cent,  of  C^Oi  is  lead  off  on  the  tube  at  the 
— ■■—'-—'     ■^  -    ng  theappa-  -  -     --'-'-     -    ■■- "' ■•- —  -■-  -■-     


cock  B,  and  the  instrument  la  ready  for 
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CHAPTER   60 
CO2  RECORDERS 

What  CO3  Indicates. — ^The  CO2  indication  answers  most 
practical  purposes.  If  greater  certainty  or  refinement  be  desired 
after  the  CO3  has  been  brought  up  to  the  required  percentage, 
the  CO  determination  must  be  made.  While  high  CO2  indicates 
a  small  amount  of  excess  air,  it  does  not  necessarily  mean  a 
correspondingly  good  combustion.  1%  of  CO  in  the  flue  gas 
would  be  a  negligible  indication  of  the  quantity  of  excess  air, 
but  might  mean  4J^%  loss  due  to  incomplete  combustion. 

Low  COa  may  be  caused  by  excess  air,  insuf&cient  air  (high  CO),  or 
improper  mixture  of  the  air  and  gases,  but  a  surplus  of  air  is  uie  cause  in 
almost  every  instance.  The  difference  between  the  COj  percentage  in  the 
last  and  the  first  passes  indicates  the  air  leakage  in  the  setting.  QO%  is 
also  affected  by  the  character  of  the  fuel. 

The  more  hydrogen  in  the  fuel ,  the  less  CX)s  in  the  flue  gases.  If  the  fuel 
were  all  cartxm,  there  would  be  21%  COs;  if  all  hydrogen,  no  CO*  in  the 
gases. 

Unreliability   of   CO2   Readings   Taken  Alone.— It  is 

« 

generally  assumed  that  high  CO2  readings  indicate  good  combus- 
tion and  hence  high  efficiency.  This  is  true  only  in  the  sense 
that  such  high  readings  do  indicate  the  small  amount  of  excess 
air  that  usually  accompanies  good  combustion,  and  for  this 
reason  high  CO2  readings  alone  are  not  considered  entirely 
reliable. 


no.  8,Ue . — Suco  type 
C,  COiiecoider.  For 
dBKiiiitioii    knd  «- 
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Ques.  Whenever  a  GO2  recorder  is  used  what  should  be 
done  from  time  to  time? 

Ans.  Since  a  CO2  recorder  does  ^ot  give  CO  readings,  it 
should  be  frequently  checked  with  an  Orsat  or  Hempel 
apparatus  to  determine  if  CO  be  present. 

As  the  percentage  of  COs  in  flue  gases  increases,  there  is  a  tendency 
toward  the  presence  of  CO,  which,  of  course,  cannot  be  shown  by  a  COt 
recorder,  and  whidi  is  often  difficult  to  detect  with  an  Orsat  apparatus.* 
It  is  not  safe,  therefore,  to  assume  without  question  from  a  high  COt 


■^NOTE.— As  before  mentioned,  the  greatest  care  should  be  taken  in  preparing  the  cuprous 
chloride  soltttion  in  malriTig  analyses  and  it  must  be  known  to  be  fresh  and  capable  of  absorbing 
CO. 

Pig.  3,450. — Sarco  type  C,  COi,  recorder.  Motive  power  is  a  fine  stream  of  water  with  two 
foot  head,  in  operation,  the  water  now  flows  throucrh  tube  74  into  the  power  vessel  82: 
here  it  compresses  the  air  above  the  water  level,  and  this  pressure  is  trananitted  to  vessd 
87  thix>ugh  tube  7B.  The  pressure  thus  brought  to  bear  on  the  surface  of  the  liquid  with 
whidi  vessel  87  is  filled  (to  mark  05) ,  sends  this  upwards  through  tubes  01  and  03.  Thence 
it  poflfleo  up  into  vessels  68,  67,  77  and  66,  and  into  tubes  40,  51  and  52.  It  rises  until  it 
reaches  the  zero  mark  71,  which  will  be  found  on,  the  narrow  neck  of  vessel  67. ,  At  the 
moment  it  reaches  this  mark  the  iMwer  water,  which,  simttltaneously  with  rising  in  ve^el 
74,  has  also  travelled  upwards  in  syphon  72,  will  have  reached  the  top  of  this  syphon,  which 
then  commences  to  operate.  Through  this  syphon  72  a  much  larger  quanti^  of  water  is 
disposed  of  than  flows  in  through  injector  0,  so  that  the  {tower  vessels  74  and  82  are  rapidly 
emptied  again.  The  moment  the  pressure  on  vessel  87  is  thus  released,  the  liquids  return 
from  their  respective  tubes  into  this  vessel.  Assuming  tube  40  to  be  in  connection  with  a 
supply  of  flue  gas,  a  sample  of  this  is  drawn  in  from  the  continuous  stream  which  passes 
through  43,  45  and  46,  as  the  liquid  recedes  in  40,  by  the  partial  vacuum  which  is  created 
by  the  faUinff  of  the  fluid.  As  soon  as  the  liquid  has  dropped  below  point  76,  which  is  the 
inlet  of  the  flue  gas  into  vessel  67,  the  gas  rushes  up  into  this  vessel.  As  soon  as  the  fl9w 
in  the  9y]phon  stops,  vessel  82  begins  to  fill  again,  and  the  Uquids  in  tubes  01  and  03  rise 
afresh.  The  gas  m  67  and  68  is  now  forced  up  into  tube  50,  and  caused  to  bubble  ri^ht 
through  a  solution  of  caustic  potash  (spec.  grav.  1.27)  with  which  vessel  04  is  filled  (to  p<nnt 
64  markH  on  the  outside) .  In  this  process  any  carbon  dioxide  (CX)t)  that  may  be  contained 
in  the  gas  is  quickly  absorbed  by  the  j>otash.  As  the  gas  has  to  pass  through  the  P9tash, 
the  absorption  is  rapid  and  complete.  The  remaining  portion  of  the  sample  collects  in  62, 
and  passes  up  through  60  into  tubes  57  and  58.  (It  cannot  pass  out  at  50,  as  this  outlet  is 
sealed  by  the  liquid  in  52.)  The  gas  now  passes  tmder  the  two  floats  18  and  26.  whereof 
the  former  is  constructed  larger  and  lighter  and  will^  therefore,  be  raised  first.  By  turning 
the  thumb  screws  14  and  15,  the  stroke  of  this  float  is  adjusted  until  just  20  per  cent  of  the 
whole  of  the  sample  remains  to  raise  float  26,  when  nothing  is  absorbed  in  04,  as  would  be 
the  case  if  air  be  passed  through  the  Recorder.  This  float  has  attached  to  it  pen  36,  which 
is  caused  to  travd  downwards  on  the  chart,  when  26  rises.  If  no  COs  were  contained  in 
the  gas,  nothing  would  be  absorbed  by  the  potash  in  04,  and  the  whole  of  the  20  per  cent 
nsLum  float  26.  Thus  the  pen  wotdd  ht  causied  to  travel  the  whole  depth  of  the  chart  from 
the  20  per  cent  line  at  the  top  to  the  sero  line  at  the  bottom.  Any  COi  g^  contained  in 
the  sample  would  be  absorbed  by  the  potash,  a  corre^xmdingly  less  quantity  would  reach 
float  26,  and  pen  36  would  not  travel  right  down  to  the  bottom  of  the  chart,  «'.«.,  the  zero 
line.  Thus  any  COt  absorbed  will  be  indicated  by  a  shorter  travel  of  the  pen — ^the  actual 
percentage  being  ^ven  by  the  line  on  which  the  pen  stops.  (See  fig.  3,460.)  On  the  return 
stroke  of  the  liquid,  the  gas  is  pushed  out  from  under  floats  18  and  26,  through  tubes  75 
and  58,  and  into  tubes  50  and  52.  Prom  here  it  passes  out  into  66  (as  soon  as  the  liquid  has 
fallen  below  the  outlet  of  tube  52),  and  through  tube  51. 
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The  effect  of  a  small  quantity  of  CO,  s 

gases  will  have  a  negligible  influence  on         ,  ^   , 

presence  of  such  an  amount  would  mean  a  loss  due  to  the  incojnplete  com- 
bustion of  the  carbon  in  the  fuel  of  possibly  4,5  per  cent  of  the  total  heat 
in  the  fuel  burned.  When  this  is  considered,  the  importance  of  a  complete 
flue  gas  analysis  is  apparent. 


Flue  Gas  Ana- 
lyzers  vs.  CO,  Re- 
corders.— In  most 
boiler  plants  great 
quantities  of  fuel  are 
wasted,  the  chief  loss 
being  due  to  excess 
air.  To  determine 
the  loss  due  to  excess 
air,  hand  operated 
flae  gas  analyzers  and 
COa  recorders  are  em- 
ployed. 


racb  currea  for  coal  Bred  furnaces,  aiQwIng  that  about  40%  ot  ttetn  >. 
.hain  thF.  mnit  Pffit^i^nt  mnihustion.      This  is  mdicatfid  hy  the  highCTt  COi 
n  bj"  the  two  curves.     A  greater  perceatage 


89  the  fuelloss.      Thus, 
iellossbecomea21%. 


e  of  its 
ording  i 

A  hand  gas  analyzer  is  a  useful  device,  and  every  boiler  plant,  no  matter 
how  small,  should  have  one  for  testing  purposes.  The  instrument  is 
simple,  but  as  its  operation  requires  considerable  time  and  the  information 
obtained  is  not  immediately  visible  to  the  fireman,  its  value  is  reduced. 

An  automatic  recorder  shows  from  10  to  20  times  every  hour  what  quan- 
tity of  COi  is  in  the  Sue  gas,  and  it  operates  continuously,  thus  enabling 
the  chief  engineer  to  know  how  careful  or  careless  his  firemen  were  diuing 
the  night. 
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How  a  COj  Recorder  Worlu. — The  principle  upon  which 
most  recorders  work  is  based  upon  ike  absorpHon  of  CO3  Jrotn 
flue  gases  by  a  solution  of  caustic  potash. 

There  are  four  essential  operations  to  be  performed  by  a 
recorder  for  each  COa  determination. 

1.  Measuring  out  a  definite  quantity  of  flue  gases. 

2,  Passing  the  measured  sample  through  the  caustic  potash 
solution  which  absorbs  the  COj,  decreasing  the  volume  of  the 


_%COirtcord  >Wir«g«  for  24  hr»  _ 


wmafKa.    ^,.,.  ., ,         —  , 

Fig.  3.MI.—Sal«Ot7peC,COiTeciiTder  chart.    Tbb  tet^loa  ol »  Strhoax  i±axtibova  »ao- 
ceanvelr  the  Rccnded  COi,  in  two  sepants  Eomaces  givini!  the  mam  flns. 

gases  in  proportion,  and  recording  the  decreased  volume  after 
absorption  of  the  CO2  by  the  caustic  potash  solution. 

3,  Exhausting  the  recorded  sample,  thus  bringing  the 
apparatus  back  to  its  initial  condition,  ready  for  the  next  gas 
sample. 


NOTE. — It  is  ordinarilr  maintained  tlist  considemble  Imowledfie  is  Teciuired  b 
Btond  irfKt  the  COi  lecorder  ahows.  This  is  not  bo.  Post  the  COi  recorder  conveniei 
titt  fireman,  let  him  knov  that  the  higher  the  COi  obtained  the  better  fireman  he  ia,  and 
farther  that  the  hipher  the  COi  the  shorter  will  be  the  red  line  drawn  by  the  recon 

/—  1 J J,*:.-  up(„  tjja  type  of  instrument).    This  is  all  tint  is  necessary, 

on  how  to  handle  the  fires  to  obtain  a  higher  percentaRe  of  C 

wiU  be  surprising  hov  the  COi  will  increase,  specially  if  the  firei 

■"   one  another  by  posting  their  results  conspicuously  upon  a 

E  will  soon  gain  confidence,  since  he  will  see  that  when  the  1. 

ces  upon  the  chart  ^cill  be  lon^;  when  the  fires  are  good,  t 
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Fig.  3,462  shows  an  elementary  apparatus  for  performing  the  four-part 
cycle  just  stated,  and  figs.  3,463  to  3,^5,  the  manner  in  which  the  operations 
are  performed. 

The  apparatus  consists  of  two  vessels,  M,  and  S,  suspended  by  cord  from 
a  pulley  and  connected  with  each  other  by  a  small  rubber  tube,  as  shown. 
M,  is  open  at  the  top  and  S,  is  closed  on  top  except  for  two  openings.  A, 
and  B.  At  A,  is  a  check  valve  connected  by  rubber  tube  to  the  flue  gas 
sampling  pipe,  and  at  B ,  is  another  check  valve  and  rubber  tube  connecting 
with  a  pipe  leading  into  the  gas  bell. 

The  two  vessels  M,  and  S,  and  connections  as  described  form  a  single 
acting  pump,  the  capacity  of  S,  being  say  100  c<;.  As  shown  S,  and  the 
rubber  tub*«  are  full  of  water,  but  when  the  pulley  is  turned  counter-clock- 
wise (by  clock  work  not  shown),  S,  will  be  elevated  and  M,  lowered  so. 
that  100  cc.  of  flue  ^ases  will  be  sucked  into  S,  as  shown  in  fig.  3,463. 

Now  the  clock  work  turns  the  pulley  clockwise  till  the  M,  and  S,  come 
back  to  their  original  position.  The  water  runs  back  from  M,  into  S,  and 
by  aid  of  the  check  valves  forces  the  measured  sample  of  gas  into  the  ga& 
bell,  which  rises  as  shown  m  fig.  3,464  and  by  means  of  an  arm  and  pencil 
records  on  the  drum  a  line  LR,  whose  length  depends  upon  the  amount 
of  gas  that  is  passed  through  the  caustic  potash  solution  (KOH)  in  the 
containing  vessel. 

Now  if  the  gases  contained  no  COi.  the  same  voltune  of  ^s  would  be 
admitted  to  the  bell,  as  was  admitted  to  the  measuring  vessel  S  (fig.  3,463)  • 
or  100  cc.f  and  the  recording  pen  would  draw  a  line  of  length  LF. 

Again,  if  the  gases  contained  say  8%  COs,  and  this  was  absorbed  in 
passmg  through  the  caustic  potash  solution,  the  volume  of  gas  entering 
the  bell  would  be  decreased  12%,  and  the  pencil  would  draw  a  diorter 
line,  equal  to  100— 12«88%  of  LF.  That  is,  calling  F,  zero  and  L,  100%, 
then  the  distance  FR,  not  marked  by  the  pencil,  represents  the  per- 
centage of  COt,  which  in  this  case  is  12%. 


*NOTB. — In  the  elementary  apparatias  just  described  the  longer  the  line  drawn  by  the 
pen  the  Uss  the  percentage  of  CO*,  but  it  should  be  noted  that  in  some  instruments  the  longer 
the  line  the  greater  the  percentage  of  CO',  this  being  due  not  to  a  different  principle  but  to 
modified  mechanical  arrangement. 

Pigs.  S,462to  3,46ft. — Continued, 

at  beginning  of  the  cyde.  Fint  aptrmHotu  Pulley  moves  counter-clockwise  and  lOOcttbic 
oentimeters  ol  the  flue  gases  are  taken  into  S,  as  m  fig.  8,463;  second  operation,  pviSk^ 
moves  clockwise  fig.  8,464  and  the  measured  sample  is  forced  from  S,  through  the  caustic 
potash  into  gas  bell,  absorbing  COt,  elevatins  bell  to  height  corre^>onding  to  diminished 
volome,  and  leoordinff  on  drum  the  diminished  voltane;^  third  operation,  clockwork  opens 
exhaust  valve  fig.  8,465  thus  allowing  bell  to  sixik  to  its  initial  position.  Bach  time  the 
pttltey  moves  doc^cwise  the  ratchet  turns  down  slightly  from  right  to  left  so  that  no  two  pen 
totmos  win  come  in  the  same  place  on  the  paper  chart  attached  to  drtun . 
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.,  3,466. — Simmance-Abajly  COi  ncurder,  showing  whole  of  working  puts  in  positios 
icepc  the  clock  and  pen.  Water  a  put  into  vessela  D  and  J,  and  maintuiwd  at 
orrect  height  by  a  constant  level  tank,    in  oprratUm,  water  is  allowed  to  flow  through 


;h  the  safely  overflow  OO.    In  syphon 

tank  A.  there  is  a  weighted  float  B,  which  is  attached  by  means  of  a  chain  B.  to  thg  MID. 
of  the  eitractor,  and  this  float  rises  with  the  water,  allowing  the  bell  D,  to  tall.  At  the 
top  of  its  stroke,  the  float  B,  raises  the  valve  stem  E,  thus  tnpping  the  valve,  and  momoi' 
tajily  flushing  the  syphon  tank;  the  water  now  syphons  out  of  A,  tfaiuugb  syphon  tube 
G.  and  allows  the  weighted  float  to  fall.  As  it  faUs  it  draws  up  the  wat«r  sealed  extractor 
bell  D,  in  which  is  created  a  partial  vacuum,  and  into  which,  theiefora.  gas  flows  from  the 
Hue  through  P  and  H.  This  may  be  called  the  beginning  of  the  cycle.  Next,  the  Weight  of 
the  water  which  has  flowed  from  the  syphon  tube  G,  into  the  small  pot  beneath  it ,  overcomes 
the  weight  of  the  counter  Q,  and  closes  the  balance  valve  H^  thereby  cutting  off  a  dcdnite 
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In  the  gas  bell  container  is  an  exhaust  pipe  which  rirns  up  to  the  surface 
of  the  liquid  having  at  the  other  end  a  valve  under  control  of  an  arm 
moved  by  the  clock  work. 

In  fig.  3,462  this  valve  is  open  so  that  all  the  previous  sample  can  be 
exhausted  into  the,  atmosphere  and  the  gas  bell  allowed  to  sink  to  the  level 
of  the  liquid  as  shown. 

In  figs.  3,463  and  3,464  this  valve  is  closed  so  that  no  gas  will  escape  from 
the  befl  until  after  sM  the  gas  has  b^fen  transferred  from  S,  to  the  bell,  thus 
permitting  the  bell  to  rise  to  the  proper  height  and  the  pen  to  correctly 
record  the  percentage  ot  COr 

After  the  record  has  been  made  as  in  fig.  3,464  the  dock  work  opens  the 
exhaust  valve  and  the  bell  sinks  to  its  imtial  position  as  in  fig.  3,465,  the 
pen  drawing  the  vertical  line  FR,  thus  completing  the  cycle. 

During  the  cycle  each  time  the  pulley  moved  clockwise  the  ratchet  arm 
turns  the  drum  from  right  to  left  a  very  small  amount,  thus  the  pen  records 
are  made  progressively  along  a  ruled  paper  card  attached  to  the  drum. 

By  ruling  the  card  horizontally  into  a  CO2  percentage  scale  and  vertically 
into  a  time  scale,  not  only  is  the  same  CO2  reading  shown,  but  also  the 
time  at  which  they  were  made,  assuming  that  the  clockwork  is  so  arranged 
Ihat  the  ratchet  will  ca,use  the  drum  to  make  a  complete  revolution  in 
24  hours. 


Fig.  3,466. — Text  continued^ 

at  the  proper  interval.  The  stream  of  water  is  continually  flowin£[  into  the  tank  A,  and  the 
float  B,  rises  again » which  allows  the  extractor  bell  D,  to  sink.  As  it  sinks,  it  will  be  seen 
that  the  gas  in  bell  D,  (which  by  the  closing  of  the  valve  H,  is  now  uninfluenced  by  vacuum 
or  other  conditions  in  the  flue) ,  is  first  reduced  to  atmospheric  pressure,  and  is  then  actually 
under  pressure;  the  volume  of  the  gas  is,  therefore,  forced  into  vessel  M,  where  it  bubbles  up 
throu^  the  caustic  solution  and  CO3  absorbed,  and  thence  into  the  recorder  J,  raising 
the  bell.  The  boxwood  scale  N,  at  the  side  of  the  recorder  tank  is  graduated  from  100  per 
cent,  at  the  bottcMoito  Oi>er  cfent.  COs  at  the  top,  and  the  capacity  of  the  bell  D,  is  such  that 
when  the  apparatus  is  run  on  air,  containing  practically  no  COs,  the  total  volume  is  trans- 
ferred to  the  recorder  bell  J,  which  in.  this  case  rises  to  the  zero  point.  When  flue  gas  is 
admitted  to  the  apparatus,  exactly  the  same  quantity  («.«.,  enough  to  send  recorder  bell 
up  from  100  to  0)  is  passed  from  the  extractor  bell  D.  but  on  the  passage  of  the  gas,  the 
COs  is  absorbed  by  the  caustic  potash  in  iron  vessel  M,  reducing  the  volume  of  the  gas; 
owing  to  such  absorption  the  recorder  bell  J,  will  not  rise  to  its  full  height,  giving  line  FR.  It 
automatically  rises  as  far  as  it  will,  and  a  pen  then  marks  on  a  chart  its  final  position.  The 
percentage  of  COt  in  the  gee  ia  thus  automatically  recorded.  This  bell  J,  then  vents, 
dischsunging  the  analyzed  gas  through  the  three-way  cock,  so  that  it  does  not  mix  with  or 
come  in  contact  with  the  fresh  charge  of  gas,  which  is  dealt  with  in  exactly  the  same  way, 
the  whole  operation,  as  well  as  the  continuous  drawing  forward  of  the  flue  gas,  taking  place 
automaticedly  by  means  o£  the  stream  of  water.  For  the  purpose  of  bringing  along  a  constant 
supply  of  gas,  below  the  cock  X,  is  an  injector  or  aspirator,  attached  to  the  top  of  the  case; 
Pi,  IS  an  auxiliary  gas  connection  to  the  aspirator  from  the  main  inlet  pipe  P.  By  this  means, 
gas  ia  continuously  exhausted  from  the  pipes  connecting  record^  to  boilers,  so 
that  the  successive  samples  analyzed  from  the  instrument  are  from  the  boiler  flue,  and  not 
stagnant  gases  in  the  connecting  pipes.  The  injector  is  worked  by  the  small  stream  of  water 
(the  motive  power  for  the  recorder)  connected  at  X,  before  this  enters  the  top  tank  of  the 
Reoorder  so  that  no  extra  water  is  used  for  this  continuous  pump.  Two  glass  bottles  are 
fixed  in  connection  with  the  injector  as  safeguards.  A  glance  at  one  shows  whether  the  flue 
gas  pijies  are  clear  of  obstructions  and  th^  other  shows  that  the  stream  of  gas  is  being 
maintained. 
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Via.  3,4B7.— Saroo  COi  Tsramler,  type  C  (see  outline  diiigrBm  on  omb  1.M0>.  The  power 
requimd  for  opeiatin^  ia  denved  iiam  a  hue  stream  of  water  at  a  head  of  about  2  ft*  The 
water  flows  throuEh  tube  74  into  the  power  vessel  S2,  compressing  the  air  above  the  water 

aled  in  ST  forces  the  liquid  in  that  vessel  upward  through  tubes  SI  and  ^into  vsHlieS. 
87,  68  and  77.  It  rises  until  it  reaches  the  O  msrlt  71  on  vessel  67.  At  the  momenl  it 
reaches  this  mark,  the  power  water,  which  sim'iltaneouElv  haa  travelled  upward  in  syp^ni 
72.  reacfaei  the  top  of  the  sypbon  and  empties  vessel  S2,TEleuina  the j^rtsniie  in  S7.  AsMun- 

Etream  which  passes  throuRh  43,  45  and  4ebirBpwtial  vwmumcnat«d  tv  the  fallios  of  the 
lioaid  in  49.  Aa  aoon  as  ^e  flow  in  the  syphon  stopi.  vaiBel  SSbegiiia  to  fill  anin  and  the 
Iii]iiidsmtubei9lBiid93riseatresh.  Thegaa  iiiH7  and  08  i>  now  forced  upinto  tolie  SO 
and  caiiaedtobubble  through  a  solution  of  caustic  iMtaih  tni'>a9at94.  Tha  caibbn  dioiuls 
ia  absorbed  and  the  remaining  portion  of  the  sample  coUectfl  in  vessel  62  and  paasoa  into 
tubes  G7  and  6S;  tlunce  it  passes  under  the  two  fioata  18  and  26.  di^ladng  aaine  and  causing 
a  movement  of  the  pen  on  the  chart,  eiactly  in  proportion  to  the  percentage  o£  COi  in  the 
nspectlTa  gas  sample  absorbed  by  the  caustic  potash.  This  type  of  recorder  pennits  of 
very  lapid  analysis  of  the  gas,  and  up  to  30  separate  analysis  can  be  recorded  p«r  how. 
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NOTE.— 2'A«  draught  gauge  may  be  employed  to  great  advantage  in  connection  with 
the  COi  Recorder.  To  bum  a  given  qttantity  of  a  given  coal  i>er  sciuare  foot  of  grate  per  boar 
requires  a  certain  dratight  for  eaeh  drath  of  coal  on  the  grates ,  starting  with  a  mimmum  draught 
just  after  cleaning  fires  when  the  fuel  bed  is  thin  and  gradually  increasing  to  a  tnA-»imMry)  ii^ea 
the  fuel  bed  is  thickest,  just  before  the  next  cleaning  period.  With  a  recording  draught  gauge 
of  the  differential  type  (that  is  one  to  record  the  drop  in  pressure  of  the  air  in  passing  through 
the  fuel  bed)  install^  in  connection  with  a  CO«  Recorder,  the  draught  control  m  the  naj^ority 
of  plants  can  be  readil}r  standardised.  Observations  should  be  taken  of  the  draught  which  is 
required  for  the  conditions  obtaining  at  the  end  of  each  hour,  after  cleaning  fires,  «p  to  the 
next  cleaning  i>eriod.  The  draught  should  be  regulated  so  that  with  careful  firing,  such  that 
fires  are  kept  well  covered,  both  burnt-out  spots  and  blow  holes  being  prevented,  a  COs  re- 
corder will  mdicate  about  40%  excess  air  is  passin^^  through  the  furnace.  In  a  comparatively 
short  time  sufficient  information  will  be  obtained  in  most  plants  to  establish  a  draught  line, 
starting  at  a  minimum  just  after  a  cleaning,  and  rising  steadily  to  a  maximum  just  before  ^e 
next  cleaning.  Th3  fireman  by  then  holdmg  the  draught  to  this  grade  line,  can  regulate  Us 
firing  by  the  COs  Recorder.  He  will,  of  course,  have^  continually  to  vary  the  draught  above 
and  oelow  the  draught  grade  line  established,  according  to  the  fluctuations  of  load.  If  the 
water  level  in  the  boiler  be  properly  maintained  and  the  firing  done  with  regularity^  these 
variations  from  the  draught  grade  line,  in  most  plants,  will  be  much  smaller  than  anticipated. 
Standardizing  the  draught  control  in  this  manner  will  very  much  simplify  the  fireman's  prob- 
lems, and  will  not  only  increase  his  efficiency,  but  will  decrease  the  severity  of  his  work. 


?iG.  3,467. — Text  Continued, 

has  sealed  the  lower  end  of  this  center  tube,  exactly  100  cubic  centimeters  of  flue  gas  are 
trasn>ed  off  in  the  outer  vessel  C,  and  its  companion  tube,  under  atmospheric  pressure. 
Aa  the  liquid  rises  further,  the  gas  is  forced  through  the  thin  tube  and  into  vessel  A,  which 
is  filled  with  a  solution  of  caustic  potash  at  1 .27  specific  gravity.    Upon  coining  into  contact 
with  the  potash  and  the  moistened  sides  of  the  vessel,  the  gas  is  freed  from  any  carbom 
dioxide  that  may  be  contained  in  the  sample,  this  being  rapidly  and  comi>letely  absorbed 
by  the  potash.    The  remaining  gas  gradually  displaces  tine  potash  solution  in  A.  sending  it 
up  into  vessel  B.    This  has  an  outer  jacket,  filled  with  glycerine  and  supporting  a  float  N. 
Through  the  center  of  this  float  reaches  a  thin  tube,  through  which  the  air  in  B,  is  iDept  at 
atmospheric  pressure.    The  float  is  suspended  from  the  pen  gear  M,  by  a  silk  cordf  and 
counter-balanced  by  the  weights  X.    The  rising  liquid  in  B ,  first  forces  a  portion  of  the  air 
therein  out  through  the  center  tube  in  the  float,  and  then  raises  the  latter.    This  causes 
the  pen  lever  to  swing  upwards,  carrying  pen  with  it.    The  mechanism  is  so  calibrated  and 
adjusted  that  the  pen  will  travel  right  to  the  top,  or  sero  line,  on  the  chart  when  only  atmos- 
pheric air  is  passing  throujgrh  the  machine,  and  nothing  is  absorbed  by  the  potash  in  A. 
Thus  should  any  carbon  dioxide  be  contained  in  the  gas  sample,  it  would  be  absorbed  by 
the  potash  in  A,  not  so  much  of  this  liquid  would  be  forced  up  into  vessel  B,  and  the  float 
would  not  cause  the  pen  to  travel  up  so  his^  on  the  chart,  in  exact  accordance  to  the  amount 
cf  COt  absorbed.    The  tops  of  the  vertical  lines  recorded  on  the  chart,  therefore,  provide 
a  continuous  curve  showing  the  percentage  of  COa  contained  in  the  exit  gases  from  the  flues, 
on  a  permanent  diagram  arranged  for  24  hours.    When  the  liquid  in  C,  has  reached  the 
mark  on  the  naJrrow  neck  of  that  tube,  the  whole  of  the  100  cubic  centimeters  have  been 
forced  on  to  the  surface  of  the  potash,  one  analysis  being  thus  complete.    At  this  moment 
the  power  water,  which,  simultaneously  with  rising  in  tube  H,  has  also  traveled  upwards 
in  syplKm  G,  will  have  reached  the  top  of  this  syphon,  which  then  commences  to  flow. 
Through  syphon  G,  a  much  larger  quantity  of  water  is  disposed  of  than  flows  in  through  the 
cock,  so  that  the  power  vessel  |C,  is  rapidly  emptied  again.    The  moment  the  pressure  on 
this  vessel  is  released,  tne  liquid  from  C.  returns  into  the  lower  compartment,  and  float 
N ,  to  its  original  position.   As  soon  as  the  liquid  in  C,  has  fallen  below  the  gas  in  and  outlets 
to  this  vessel,  the  whole  of  the  remaining  gas  is  rapidly  sucked  out  through  £,  by  the  powoful 
ejector  Q.    The  vessel  P,  is  provided  witii  a  small  center  tube,  open  to  atmo^here,  and  this 
serves  as  an  indication  that  the  pipe  Une  is  clear,  the  ejector  drawing  air  throtu^  the  sea. 
in  the  case  of  stoppage.    The  instrument,  once  erected,  works  entirely  automaEcaUy,  and 
requires  no  attention  whatever,  beyond  changing  of  the  chart  and  winding  of  .the  clock 
24  hcrrs,  and  ranews!  of  the  potash  solution  every  14  days  to  3  weela. 
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CO2  and  Fuel  Losses. — ^The  COj  percentage  indicates  the 
volume  of  excess  £iir  flowing  through  the  furnace,  and  the  power 
of  the  boiler;  it  is  the  ratio  between  the  air  that  is  taken  for  a 
useful,  purpose  in  burning  the  coal  and  that  which  is  taken  to 
the  wasteful  end  of  cooling  the  furnace  gases.  That  is  all  it 
dQe$  indicate  and  its  indications  are  only  approximations. 


STEAM 


GAS  INLET 


Pig.  3,468. — ^Diagram  illustrating  working  principle  of  Uehling  COs  recorden  Measurement 
is  made  by  changes  in  the  partial  vacuum  in  chamber  C,  to  which  can  be  connected  both  indi- 
cators and  recorders,  which  may  in  turn  be  located  where  desired.  The  gas  to  be  analyzed  is 
drawn  through  two  apertures  A,  and  B,  by  a  constant  suction  produced  by  an  aspirator. 
If  the  aperture  be  kept  at  the  same  temperature,  the  suction  or  partial  vacutun  in  the 
chamber  between  the  two  apertures  will  remain  constant  so  long  as  all  the  gas  passes  through 
both  apertures.  If,  however,  part  of  the  gas  be  taken  away  or  absorbed  in  the  space  between 
the  two  apertures,  the  vacuum  will  increase  in  proportion  to  the  amount  of  fas  absorbed. 
It  is  evident  that  if  a  micrometer  or  light  vacuimi  gauge  be  connected  with  this  chamber, 
the  amount  of  gas  absorbed  will  be  indicated  by  the  vacutun  reading. 

The  air  excess  could  be  determined  much  more  accurately  by  firw^itig  the 
percentage  of  free  oxygen  with  an  analyzer. 

The  objection  to  the  oxygen  analysis  is  that  it  takes  time  and  there  is 
not  enough  time  for  it.    Speed  is  essential  and  some  of  the  data  will  be 
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lost  tinless  the  analyzer  be  worked  about  once  a  minute.     It  will  take  five 
minutes  to  determine  the  oxygen. 

When  the  CO2  percentage  has  been  worked  up  to  12  or  15  by  improving  the 
firing  methods,  it  will  then  be  time  enough  to  analyze  for  oxygen  and  CO. 

Numerous  charts  and  tables  have  been  prepared  to  show  the  CO  ;and 
excess  air  relations  and  it  must  be  rememoered  that  all  such  charts  and 
tables  are  based  upon  an  assumed  set  of  conditions. 

In  the  accompanying  tables  the  fuel  is  asstuned  to  be  pure  carbon, 

TO  BQiicii  noon  inoicuoii 


TO  IIC60R0IN9  OAUCE 


ABSORPTION  CHAMBER 


INDICATING 
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Pig.  3»460.— Diagram  of  the  more  important  parts  of  Uehling  COs  recorder,  showing  path 
of  the  gases  through  the  filler,  apertures  and  absorption  chamber.  The  recorder  consists 
|»rimanly  of  a  filter,  dry  absorber,  two  ai)ertures  A  and  B ,  and  a  small  steam  aspiratorl  Gas 
IS  drawn  from  the  last  pass  or  uptake  of  the  boiler  by  means  of  the  aspirator  through' a  i>re- 
llminary  filter  located  at  the  boiler,  and  then  through  a  second  filter  on  the  instrument  as 
shown.  Besides  these  filters,  auxiliary  filters  are  supplied  before  each  aperture,  which 
insure  the  gas  flowing  through  the  apparatus  being  clean.  The  clean  gas  passes  through 
aperttxre  A,  thence  tlurough  the  absorption  carton  and  aperture  B,  to  the  aspirator,  where 
it  leaves  the  instnunent  with  the  exhaust  steam.  Between  the  two  apertures  is  a  carton 
containing  an  absorbent  called  natron.  Each  carton  will  last  about  a  week  and  may  be 
replaced  by  removing  cap  on  carton  chamber  by  tmscrewing  wing  nuts.  The  coltunn  of 
water  whidi  measures  the  partial  vacuum  between  apertures  A  and  B ,  is  calibrated  directly 
In  percent,  of  COt.  This  vacutmi  or  per  cent.  COs  is  also  communicated  to  the  recording 
gauge  and  boiler  room  indicator,  both  of  which  can  be  located  at  a  considerable  distance 
&om  the  machine  proper. 
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The  hieher  the  stack  temperature,  the  hotter  is  the 
excessairDeing  heated,  and  the  hotter  it  is,  the  greater 
the  amount  of  fuel  beiiiK  wasted. 

The  engineer  is  not  supposed  to  compute  his  gains 
and  losses  from  the  accompanying  tables,  for  the  table 
applies  to  pure  carbon  on^.  With  such  fuel  the  theo- 
retical COi  would  bo  20.7%  by  volume,  but  when  a 
bituminous  coal  for  instance  is  burned,  Uie  theoretical 
COt  will  be  less,  depending  upon  the  percentage  of 
hydrogen  in  the  combustible,  probably  somewhere 
between  17%  and  19%. 

The  fuel  waste  then  in  any  particular  plant  may  be 
more  or  less  than  the  f^ures  given  in  the  table,  but  th^ 
are  sufficiently  approximate  to  serve  as  a  guide  for  aU 
practical  purposes,  and  may  be  used  as  a  baas  for  a 
oonus  system  for  the  firemen  according  to  the  COi  results 
obtained  by  them. 

-Uehtilis  CO)  machine  mountsd  on  eentnl  calun 
1  wmugbt  woo  cyhndriealreaulslor,  on  which  Brenii. . 
—  mtert,  »bBorptioQ  chambers  and  the  adjusting  cf 
I  and  copper  tuba. 


l: 


Fios.  MTl and  S,172.— Two  COi  charts  frorn  A  Uehling  COi  recorder  installed  ina  New  Bngjand 
plant.  The  chart  fig.  3.171  wai  obtained  Bhortly  after  the  installation  at  the  lecordet 
when  the  per  cent  COt  (as  Hvennd  from  the  cliart)  waa  6.48  per  cent  aod  coal  cDnsumptkni 
tl  tons  per  day.  The  eecond  diart  lig.S,4T2.  obtained  a  few  weeka  Utct^wwi  11.75  per 
COi  and  the  coal  coosumption  wai  10  tons  pec  day. 
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CO2  and  Fuel  Losses. 
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COi,  as  for  example  5.4%,  subtract  the  observed  percentage  5.4. 
a).7;  divide  the  remainder  by  the  observed  percentage  and  multiply  by 
100.  This  gives  the  volume  of  excess  air.  At  6.4%  CX)i  the  excess  air  is 
283.33%. 

Rough^  the  preventable  fuel  waste  may  be  computed  by  alloTring  1% 
fuel  loss  for  eadt  12.11%  of  air  excess  above  38%.  This  ^ure  accordiiig 
to'  Hays  is  quite  as  accurate  as  the  one  commonly  applied  to  feed  water, 
that  is,  1  %  gain  per  increase  of  10  °F .  in  the  temperatvire  of  the  feed  water. 


PM.  ZATZ.—Vrh^ae  auxiliary  boiler  room  (CO.)  indicator.  This^permita  locatins  tb 

proper  and  recorder  outside  o£  the  boiler  room ,  without  depnviog  tb-  " -•  • 

of  th*  equipmeDt. 

FiG.a,47*.— Uehling  COirecoidinggsuge.    It  optrata  c 
all  spring  levers  or  joint  movements  are  avoided.   The  ge 
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CLASSIFrCATION  OF  BOILERS 


The  great  variety  of  boilers  now  in  use  is  due  to  the  many 
different  kinds  of  service  for  which  they  are  intended,  the  varied 
conditions  accompanying  their  use,  and  the  competition  among 
engineers  who  have  sought  to  produce,  at  moderate  cost,  boilers 
that  will  be  safe,  durable  compact  and  economical. 

Any  classification,  to  be  comprehensive,  should  be  made 
from  numerous  points  of  view.  Accordingly,  boilers  may  be 
classified: 

1 .  With  respect  to  service  (broadly  speaking) ,  as 

a.  Stationary  {^S^^ 

b.  Locomotive 
€•    Marine 

2.  With  respect  to  the  type  of  furnace,  as 

a.  Internally  fired 

b.  Externally  fired 

3.  With  respect  to  the  character  of  the  heating  surface,  as 

a.  Single  flue; 

h.  Two  flue,  etc.* 

c.  Galloway  tube; 

d.  Multi-tubtalar; 

e.  Pipe. 
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t^cs.  3.4TS  to  a.lSe.—VaricHU  shell  bcnlen.  1  and  2,  Tncllhlck  or  so-atled  Coniuh:  3  ud  4. 
Laoditbiie;  t  and  S,  GtrilomiT.  showing  breeches  and  Gslloway  tubesi  T,  lAan  cirlinilricali 
I,  one  lluei  S,  dry  bottom  fiieboi  locomotive;  10  and  II,  Scotch  or  water  back;  12,  Clyde  or 
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4.     With   respect    to    the    heat   absorbing    surfaces  of    the 
tubes,  as 


a.  Fire  tube; 

b.  Water  tube; 

c.  Combination  fire  and  water  tube. 


5.  "With  respect  to  special  features  of  the  tubes,  as 

a.  Single  tube; 

b.  Double  tube  (Field  type); 
e.    Through  tubes; 

d.  Submerged  tubes; 

e.  Radial  tubes  (porcupine  type) . 

6.  With  respect  to  the  shape  of  the  tubes,  as 

a.  Stt^ght; 

b.  Curved; 

c.  Coiled. 

7.  'With  respect  to  the  position  of  the  tubes,  as 

a.  Horizontal; 

b.  Inclined; 

c.  Vertical. 

8.  With  respect  to  the  grouping  of  the  tubes,  as 

a.  Sectional; 

b.  Non-sectional. 

9.  With  respect  to  the  liberating  surface,  as 

a.  Water  level; 

b.  Semi-flush. 

c.  Flash. 

10.  With  respect  to  the  flow  of  the  products  of  combustion,  as 

0.     Single  flow; 
6.     Return  flow; 
£.    THple  flow. 
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^ 
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11.  With  respect  to  the  number  and  placement  of  the  fur- 
naces, as 

a.  Single; 

h.  Double,  etc.; 

c.  Single  ended; 

d.  Double  ended. 

,,  j  ■ 

12.  With  respect  to  the  shape  of  the  furnace 

a.  Rectan^ulkr  (stayed); 

b.  Cylindrical; 

c.  Corrugated. 

13.  With  respect  to  the  type  of  combustion  chamber,  as 

a.  Water-back  (Scotch  type); 

b.  Insulated  back  (C/yde  type). 

14.  With  respect  to  the  shape  of  the  shell,  as 

a.  Haystack  or  balloon  (early  type); 

b.  Plain; 

c.  Saddle. 

15.  With  respect  to  the  degree.. of  steam  pressure,  as 

a.  Low  pressure; 

b.  Medium  pressure; 

c.  High  pressure. 

There  are,  as  can  be  seen  from  the  classification,  a  multiplicity 
of  boiler  types,  and  because  of  numerous  features  in  common,  a 
really  satisfactory  division  of  the  types  is  difficult. 

A  classification  adopted  by  Gunsaulus,  divides  boilers  under 
two  broad  heads: 

1.  According  to  use. 

2.  According  to  form  of  construction. 

This  tabulation  will  be  helpful  to  properly  place  the  various  forms. 
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Pics.  3.49S  to  3,S01.- 


4,  Coolc  a,  SeBbury:  >,  Moaher  (dou 
Hid  WilcDx;  10,  Hnher  ^mgle  iteon 


ibe  bailen.     1,  Thornycrof^  2,  Roberts;  t,  Wktaoo: 
..  .. J ^\.  ,  T, i  ^ontumd;  t,  Bsbcock 


len.     1,  Thornycrof^  2, 
n  drum):  7,  Boyer,  S.  Ni 
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1.    According  to  Use. 


Stationary     ^ 


'  Early  fonns 
Plain  cylindrical 
Single  flue,  external  flue 

(  Cornish  (single  flue) 

Flue  boilers  |  ^^y"*  ^*^  ^"^""^ 

^  ,  , , .  ^   «-   1         /  externally  fired 
Multi-tubular    <  intemaUy  fired 

T».      -I        /  horiaontal 
Fire  box -^vertical 


Water  tube  boiler 


Mixed  type 
Peculiar  forms 


straight  tube 

(mrved  tube 

horizontal 

vertical 

sectional 

non-sectional 


2.    According  to  form  of  Construction, 


Early  Forms 


Flue 


Fire  Tube 


Cornish   (single  flue) 

Lancashire  (two  flue) 
Galloway 

Single  flue   (externally  fired) 
Horizontal  (curved  form) 

Vertical 
Return  tube 
Through  tube 
Fire  box 
Peculiar  forms 


XT     •        4.«i   S  straight  tube  {  sectional 
Horizontal  \  curved  tube    |  non-secUoaal 


V    riuiJZA^"*^'-^  ^^  curvea  tuoe 

Water  Tube  \  vertical     {?S^\Ste 

I  Peculiar  forms 
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Marine 


Mixed  Types 

Early  forms  (box  or  rectangular) 
Scotch  or  drum 
Return  tube 
Through  tube 

f  curved  tube 

Water  tube    I^Sir"" 

[  non-sectionnl 
f  Multi-tubular  fire  box 

Ucomotive  )  ^^^^Tl^ce 

[  Peculiar  forms 


SHCET 


EXPANOCO  JOINT 


^j  1 J  J  J  J  J  J  J  J  I  ■  ii, ,  I  J 


TUBE 


rn 


SHEET 
RIVETED  JOINT 


X 


FLUE 


LARGE  DIAMETER 
SHEET 


Figs.  3.513  ^d  3.514.— Differences  between  a  tube  and  a  flue.   The  chief  differences  are  sizes 
and  method  of  making  the  jomt   as  by  expandmg  and  riveting  as  shown. 

Oues.  What  is  the  difference  between  a  tube  and  a 
flue? 

Ans.  A  tube  is  a  lap  welded  or  seamless  cylindrical  shell 
made  in  small  sizes  up  to  and  including  6  inches  diameter.  A  flue 
is  a  large  cylindrical  shell  made  in  sizes  from  7  inches  to  18  inches 
diameter,  it  may  be  seamless,  lap  welded,  or  riveted. 
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Id  England  the 
term  fiue  is  errone- 
ously used  in  thesame 
sense  that  tubeis  used 
in  America. 


Ques.  What  is 
the  difference  be- 
tween a  flue  and 
a    tubular  boiler? 

Ans.  A  flue  boiler, 
has  two  or  three 
flues,  whereas  a 
tubular  boiler  has  a 
multiplicity  of 
tubes. 


Oues.      Why 
have   flue  boilers 
— ^,     practically    gone 
■l:^.^-!  out  of  use? 

Ans.  Because 
considerably  more 
heating  surface  can 
be  provided  within 
;  a  shell  of  given  size 
by  using  a  lai^ 
number  of  tubes 
closely  spaced,  not- 
withstanding the 
excessively  long 
length  of  some  flue 
boilers. 
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Ques.    What  Is  the  difference  between  a  fire  tube  and 
a  water  tube? 

Ans,    A  fire  tube  is  one  in  which  the  products  of  combustion 
pass  tlroi^h  the  tube  which  is  surrounded  by  water.    A  water 


Pig.  3.618. — Stanley  automobila  boilBr  illustntins  the  very  luse  ammint  of  heating  m&ce 
that  can  be  put  in  ft  small  iliell  by  usiiig  VHy  small  tubes.  Thetubea  are  •^(rinch  diameter 
bv  11  Inchei  lone,  eiceptins  thoae  in  the  2s-inch  boilen  which  are  16  inchei  long.  In  the 
IB-inch  boilen  tbete  an  4W  tubes  with  66  SQuare  feet  of  heating  surface.  In  the  23-indi 
boilen  then  an  T51  tabes  with  IM  squan  feet  of  heatins  suiface.  In  the  3e-inch  boden 
then  are  990  tube*  with  15S  sausre  feet  of  heating  surface.  ApproxImaU  iBtlghU 
14  inch  hotter  112  Iba.;  23  inch  3931ba.,  or  about  10%  of  the  w«ght  of  ordinary  vertHsl  sbdl 
bailer  of  tame  capacity. 

tut>e  is  surrounded  by  the  products  of  combustion,  the  water 
being  inside  the  tube. 


CLASSIFICATION  OF  BOILERS 


Pigs.   3.619  to  3.6S4.— Varioiu 

tube  arrangements  as  explained 
in  the  BccompanyinK  text.  1, 
BiDsle  tube;  Z,  double  tube;  3, 

Bubmeiged  tub«(     6.   tbiDu^ 
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Ques.    What  is  a  single  tube  boiler? 

Ans.     One  made  up  of  plain  tubes. 

Ques.    What  is  a  double  tube  boiler? 

Ans.  One  having  an  auxiliary  tube  placed  inside  each  main 
tube  in  order  to  promote  circulation. 

Ques.    What  is  a  Field  tube? 

Ans.  The. term  Field  tube  is  another  name  for  a  double 
tube,  so  called  because  it  was  invented  by  Field. 

The  arrangement  consists  of  two  concentric  tubes  which  greatly  improves 
the  circulation  and  steaming  capacity  of  a  vertical  boiler,  the  weight  and 
cost  being  also  increased. 

In  operation,  the  heated  water  rises  in  the  annulus  between  the  inner 
tube  and  the  exterior  heating  surface,  while  the  cold  water  circulates  down 
the  inner  tube.  A  Field  tube  is  also  called  a  drop  tube  because  it  usually 
projects  downward  from  a  tube  sheet  above,  although  in  some  cases  the 
tubes  are  placed  horizontally. 

Ques.    What  is  a  non-sectional  boiler? 

Ans.  One  in  which  all  the  tubes  are  in  conmiunication  with  a 
common  header  at  each  end. 

Ques.    What  is  a  sectional  boiler? 

Ans.  One  in  which  the  tubes  are  divided  up  into  groups, 
each  group  communicating  with  a  header  at  each  end  making 
independent  units. 

Ques.  What  is  the  difference  between  a  through  tube 
and  a  submerged  tube  boiler  ? 

Ans.  A  through  tube  extends  from  the  lower  tube  sheet  the 
ftdl  length  of  the  shell.  A  submerged  tube  terminates  at  its 
upper  end  below  the  water  line. 
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Pigs.  1I.G2S  to  3.S30.— VBiious  farms  oi 


,    .     it  iottam  fira  box  funuico  (rf  portabto 

locomotive  typ^  4,  eiteniAlly  fmd  furnace,  horuontal  return  tubutari  %  boiiiontal  corru- 
BBted  fumace  with  water  back  (Scotch  boiler);  >,  horizontal  cylindrical  funuce  with  tobolu 
section  and  dry  back. 
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^C^^WATM  IHTAWt^ 


,638.— Varioui  automobile  boili 

1.  (A  to  G>  SeipoUst  flmli 

■nd  mter  tabs  boiler;  «.  White  flash  gener 
intereat  eweiy  steam  engineer.     In  fissh  Bent 

a  so  fs[^  that  the  tvto  of  iteam  production  follows 


generator;  5.  Gcnev 


is  but  &  veiy  amall  qi 


on  the  Wliite  Benerator  (b/  Pnif .  Can 


mains  for  Kome  senius  to  develop  the  flasl 
inherent  defects  of  ordinsry  boilers  it  is  si 
the  problem  of  Hath  steam  generation. 
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Ques.    What  is  a  fire  box  boiler? 

Ans.  One  having  the  fire  within  a  fire  box  which,  although 
external  to  the  shell,  is  rigidly  connected  to  it. 

TTie  fire  box  is  usually  made  of  steel  plates  instead  of  brick. 

Ques.  What  is  the  difference  between  a  Scotch  and  a 
Clyde  boiler? 

Ans.  A  Scotch  boiler  is  one  in  which  the  combustion  chamber 
is  entirely  surrounded  by  water.  A  Clyde  bo^'ler  has,  instead  of 
a  water  space  at  the  back  end  of  the  combustion  chamber,  a 
reniovable  back  which  is  lined  with  some  insulating  material 
Buch  as  asbestos  or  fire  tile. 

Ques.    What  are  Galloway  tubes  ? 

Ans.  Cross  tubes  placed  in  a  flue  and  attached  to  opening 
in  the  side  of  the  flue  to  increase  the  heating  surface. 

Ques.  What  is  the  difference  between  a  Cornish  and 
a  Lancashire  boiler? 

Ans.     These  are  respectively  one,  and  two  flue  boilers. 

Ques.    What  is  a  return  tubular  boiler? 

Ans.  One  so  arranged  that  the  products  of  combustion  after 
passing  along  the  length  of  the  shell  return  in  an  opposite  direc- 
tion through  the  tubes  before  passing  up  the  stack. 

Ques.    What  is  a  porcupine  boiler? 

Ans.  One  having  a  vertical  central  drum  into  which  are 
screwed  a  multiplicity  of  horizontal  short  tubes  which  project 
radially  and  having  their  outer  ends  closed  and  of  square  section 
which  enables  them  to  be  screwed  into  the  drum  with  a  wrench. 


»,« 
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Ques.    What  is  the  difference  between  a  tube  and  a  pipe  ? 

Ans.  The  metal  of  a  tube  is  thin,  being  proportioned  only  to 
withstand  the  steam  pressure,  whereas  a  pipe  is  made  of  relatively 
thick  metal  with  threaded  ends. 

Tubes  are  intended  for  expanded  joints  (although  in  some  porcupine 
boilers  they  are  provided  with  fine  threaded  joints),  whereas  pipes  are 
for  threaded  joints  the  extra  thickness  being  provided  for  the  rather  coarse, 
Briggs  threads. 

Ques.  What  is  the  difference  between  a  boiler  and  a 
generator? 

Ans.  A  boiler  carries  a  considerable  volume  of  water  in 
proportion  to  its  heating  surfaces,  and  is  therefore  not  very 
sensitive  to  sudden  changes  in  the  rate  of  combustion,  whereas 
a  generator  carries  no  excess  volume  of  water  but  converts  the 
water  into  steam  as  it  transverses  the  heating  surface  pro- 
gressively from  one  end  to  the  other;  it  has  no  water  level  as 
indicated  by  water  gauge  or  gauge  cocks. 

Ques.    Name  two  types  of  generator? 

Ans.    Semi-flash  and  flash. 

A  semi-flash  generator  is  a  combioatioii  of  a  shell  and  flash  boiler.  It 
oonsists  of  a  drum  or  shell  holding  a  body  of  water  and  a  coil  of  pipe  forming 
the  heating  surface. 

A  flash  generator  consists  of  a  long  length  of  tubing  formed  into  a  coil, 
usually  vater  entering  at  the  top  and  being  "flashed  into  steam  at  some 
intermediate  point  coming  out  of  the  lower  layer  as  superheated  ste^mi. 

The  term  boiler  is  frequently  used  in  place  of  generator. 


CHARACTERISTICS  OF  BOILERS  1,973 


CHAPTER    62 
CHARACTERISTICS   OF  BOILERS 

Ques.    What  duty  does  a  boiler  perform? 

Ans.  It  transfers  heat  from  the  gases  of  combustion  to  water 
contained  in  the  boiler,  and  converts  the  latter  into  steam 
usually  under  pressure  greater  than  that  of  the  atmosphere. 

Ques.    What  means  Is  provided  for  the  transfer  of  heat  ? 

Ans.    Heating  surface. 

Ques.  What  are  the  essential  qualities  of  the  heating 
surface  ? 

Ans.  It  must  1,  absorb  the  heat  of  the  burning  gases  as 
completely  as  possible,  and  2,  keep  the  water  and  steam  from 
coming  into  direct  contact  with  the  fire. 

Ques.  What  should  be  the  nature  of  the  material 
composing  the  heating  surface? 

Ans.  It  should,  1,  be  a  good  conductor,  and  2,  have  ample 
strength  to  retain  the  steam  imder  pressure  even  if  heated  to  a 
high  temperature. 

Ques.  What  material  is  best  adapted  to  the  purpose, 
and  why? 
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Ans.  Iron,  in  general,  or  in  the  special  form  of  steel,  as  it  is 
a  fairly  good  conductor  of  heat  and  has  great  strength,  besides 
being  obtainable  in  tmlimited  quantities  at  a  low  price. 

Ques.  What  is  the  best  form  for  the  heating  surface, 
and  why? 

Ans.    The  tubular  form,  because  it  gives  maximum  strength. 

That  is,  it  is  the  form  giving  the  least  weight  per  square  foot  of  heating 
stirfaoe,  lightness  being  especially  desirable  in  marinB  practice. 

Ques.  How  long  should  the  gases  be  in  contact  with 
the  heating  surface? 

Ans.  Until  cooled  to  such  an  extent  that  active  and  quick 
transmiission  of  heat  stops. 

This  is  assumed  to  occur  when  the  gases  have  reached  a  temperature  of 
from  600  to  800  **F. 

Ques.    How  extensive  should  the  heating  surface  be? 

Ans.  It  should  be  large  enough  to  effectually  reduce  the 
temperature  of  all  gases,  the  size  in  square  feet  being  regulated 
according  to  the  number  of  pounds  of  fuel,  from  which  the  gases 
are  developed. 

Ques.    Where  are  these  gases  developed  from  the  fuel? 

Ans.     On  the  grate. 

Ques.    What  is  the  function  of  the  grate? 

Ans.  Its  object  is  to  provide  sufficient  space  for  a'  thin 
layer  of  the  fuel  so  that  the  air  has  easy  and  uniform  access  to  it, 
thus  rendering  combustion  as  near  perfect  as  possible. 

Ques.  What  should  be  the  dimensions  of  the  grate  to 
effect  the  spreading  of  the  fuel  to  best  advantage? 
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Ans.  The  grate  should  be 
wide  rather  than  deep,  as  this  will 
allow  the  fireman  to  spread  the 
fuel  in  nearer  uniform  thickness, 
and  keep  it  in  better  condition  for 
complete  combustion. 

Ques.  What  determines  the 
number  of  pounds  of  fuel  that 
can  be  burned  ? 

Ans.  The  area  of  the  grate 
and  the  draught. 

Ques.  How  are  the  heating 
surface  and  the  grate  area 
measured  ? 

Ans.     In  square  feet. 

Ques.  What  is  the  ratio 
between  heating  surface  and 
grate  area  ? 

Ans.  The  number  of  sq.  ft.  of 
heating  stirface  per  sq.  ft.  of  grate 
area. 
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NOTE. — The  heating  aurfdee  of  a  bofler  ia 
that  part  of  the  boiler  exposed  to  the  heat  generated 
by  the  furnace;  it  is  Cwith  respect  to  the  tubes)  the 
internal  eurface  of  Are  tubes  and  the  external 
eurfaeeof  tvater  tubee.  The  area  of  heating 
surface  is  frequently  used  to  express  the  horse 
power.  This  is  figured  from  the  number  of  square 
feet  of  boiler  and  tube  surface,  exposed  to  the 
action  of  the  fire;  the  extent  of  the  heating  surface 
of  a  boiler  depends  on  the  length  and  diameter  of 
the  shell  and  the  number  and  size  of  the  tubes  or 
flues.  For  the  ordinary  tubular  boiler,  fifteen 
square  feet  of  heating  surface  has  been  held  to  be 
equal  to  one  horse  power;  it  is  also  customary  in 
calculating  the  heating  surface  of  the  shell,  to 
consider  that  two-thirds  of  it  is  exposed  to  the 
acticMi  of  heat .  For  internal  firebox  boilers  twelve 
square  feet  heating  surface  is  usually  allowed  per 
horse  power. 
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The  ratio  of  heating  surface  to  grate  area  varies  widely  according  to 
conditions.  With  very  low  rates  of  combustion  it  may  be  say  1  to  20,  and 
for  very  hifi^h  rates  as  in  locomotive  practice,  as  much  as  1  to  75  or  more. 
In  general,  with  ordinaiy  rates  of  combustion,  the  ratio  of  heating  surface 
to  grate  area  varies  usually  between  30  to  1  and  40  to  1 ,  because  it  has  been 
found  that  the  heat  of  the  gases  produced  from  the  fuel  on  one  square  foot 
of  grate  area  can  be  effectively  and  economically  absorbed  by  from  30  to  40 
square  feet  of  heating  sxirface. 

Ques.    What  part  of  the  heating  surface  is  most  effective 
in  the  transmission  of  heat,  and  why? 


10  :  1    SADLY  DESIGNED  HEATING  50ILCRS 


] 


20  :  1    SMALL  VERTICAL  BOILERS 

] 
30 : 1     HORIZONTAL  SHELL  BOILERS 


SO:l    WATER  TUBE  BOILERS 


60 :i     LOCOMOTIVE  BOILERS 

Fig  .  3,641  to  3,545. — ^Various  proportions  of  grate  and  heating  surface  in  common  use.  Where 
economy  is  of  any  importance.  20:1  is  about  the  lowest  rating  that  should  be  used.  Heating 
boilers  as  made  by  some  manufacturers  having  only  10  sq.  ft  heating  surface  per  sq.  ft.  oi 
grate  will  not  be  accepted  by  anyone  of  ordinary  intelligence. 

Ans.  '  The  part  of  the  heating  surface  nearest  the  fire, 
because  at  that  point  the  differences  in  temperature  of  gases  and 
water  are  the  greatest,  and,  therefore,  the  absorption  of  heat  is 
the  quickest. 

Ques.  How  is  the  transmission  of  heat  by  the  heating 
surface  measured? 

Ans .  By  the  number  of  pounds  of  water  evaporated  per  square 
foot  of  heating  surface  per  hour. 
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Ques.  What  are  average  rates  of  evaporation  per  square 
foot  of  heating  surface? 

Ans .  For  natural  draught ,  about  three  potmds  per  hotir .  For 
forced  draught,  up  to  seven  or  more  pounds  of  water  per  square 
foot  of  heating  surface  per  hour. 

Ques.  How  is  the  efficiency  of  evaporation  affected  by 
the  different  rates,  and  why? 

Ans.  The  efl&ciency  of  evaporation  is  higher  at  low  rates, 
because  the  heat  is  more  completely  absorbed. 

In  practice,  however,  it  is  not  fotmd  profitable  to  go  below  average 
rates  of  evaporation,  as  a  boiler,  to  produce  a  certain  amount  of  steam, 
would  have  to  be  much  larger  and  more  expensive,  if  worked  with  low 
rates,  than  with  high  rates  of  evaporation. 

Ques.    How  should  the  gas  passages  be  arranged? 

Ans.  They  should  be  so  arranged  that  the  whole  heating 
surface  can  readily  absorb  heat  of  the  gases. 

Ques.     What  detennhies  the  size  of  the  gas  passages? 

Ans.     The  area  of  the  grate. 

The  ratio  between  them  is  usually  one  square  foot  of  passage  for  a  total 
of  from  seven  to  nine  square  feet  of  grate. 

Ques.  What  is  the  ratio  of  the  air  space  area  of  the  grate 
to  the  total  area  of  the  grate  and  to  the  area  of  passages? 

Ans.  The  area  of  the  air  space  is  from  one-third  to  one-half 
of  the  total  grate  area,  and  one  square  foot  of  passage  is  usually 
provided  for  e^ery  3  to  3.5  square  feet  of  air  space  of  the  grate. 

Ques*  Is  the  area  of  the  gas  passages  uniform  through- 
out its  course? 

Ans.     No. 
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Ques.    How  should  the  water  space  be  arranged? 

Ans,     It  should  be  so  designed  that  the  steam  evaporated 

from  the  heating  surface  can,  by  rapid  and  undisturbed  circula- 
tion, be  replaced  by  water. 

Ques.  Why  is  rapid  circulation 
desirable  in  boilers? 

Ans.  It  is  needed  to  prevent  over- 
heating of  the  heating  surface;  since  water 
should  be  kept  in  contact  with  the  heat- 
ing surface  in  order  to  absorb  sufficient 
heat  to  avoid  dangerous    temperatures. 

Ques.    What  is  the  steam  space? 

Ans.  That  part  of  the  interior  of  the 
boiler  above  the  water  line,  in  which 
steam  is  stored. 

The  steaming  space,  if  too  small,  will  cause 
undue  fluctuation  of  pressure  on  sudden  demand , 
and  if  too  large  vnll  present  an  unreasonably 
large  wall  area  to  the  relatively  cold  exterior, 
thus  causing  undue  condensaiion. 

Ques.  What  is  the  liberating  sur- 
face? 

Ans.  The  water  surface  or  area  of 
contact  between  water  and  steam. 


FiC.  3,6it. — Importance  of  rapid  cucolatlon.  Because  of  the  poor  cucalation  in  tflb«  L, 
the  eicesa  steam  forming  at  the  bottom  of  the  tnbe  tends  to  drive  the  water  upwBid.  thut 
the  metal  is  left  unprotected  and  quickly  becomes  overheated  by  the  intense  heat  from  the 
furnace.  With  an  inner  tube  to  promote  circulation  aa  in  tube  F,  there  is  a  constant  How  of 
cool  water  over  tjie  metal  with  the  result  that  the  steam  is  carried  off  to  the  liberating  saiscs 
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Ques.    What  is   the  result  of  insuffident  liberating 
surface? 


STEAM  SPACE. 

LIBERATIN&   SURFACE 
STEADY 
PRESSURE 


{STEAM  SPACE 
LIBERATING 
SURFACE. 


pntnio^ 


ceandlibonifinasDlface-  Theiti 
._^„.  .__„,  ^..^  A  it  be  small,  £3  in  fig.  3.517.  a  sud 
auBe  a  canBidenblQ  drop  of  preasuft  and  the  Rccompanj 
equLlLbrium  bettreen  pressure  arid  temperature  will  a 


Ans.     It  causes  priming,  on  account  of  the  great  violence  with 
which  the  steam  globules  break  through  the  water  surface. 
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Ques.    What  is  priming? 

Ans.  The  carrying  of  small  water  particles  in  dangerous 
quantities  into  the  steam  rendering  it  tmfit  for  use  in  engines. 

Ques.    How  much  water  should  be  carried  in  a  boiler? 

Ans.  There  should  be  enough  to  cover  all  the  heating 
surface  subjected  to  the  intense  heat  of  the  fire,  at  least  several 
inches  deep,  giving  due  consideration  to  inclined  positions  which 
boilers  other  than  stationary  may  assume,  as  for  instance, 
tractors,  locomotive  or  marine  boilers. 


LOW  WATtR  LEVEL 


WATER  MAROIK  ABOVE  HieHEST  POINT  OF 

HEATING  SURFACE 


HORIZONTAL  LINE 


Fig.  3,549. — Diagram  illustrating  height  of  water  to  be  carried  in  a  boiler.  There  must  be 
enough  water  to  cover  all  the  heatmg  surface  for  any  position  the  boiler  may  assimie  in 
practice.  Thus,  in  the  case  of  a  locomotive,  if  the  boiler  be  tilted  to  the  angle  of  maxi- 
mum grade,  evidently  the  water  level  should  be  at  the  level  MS,  giving  a  safe  maiiB^in  of 
water  R.  above  the  crown  sheets  Now,  if  the  boiler  be  tilted  back  to  its  honsontal  position, 
the  water  line  MS,  would  assume  some  position  as  LF.  Hence,  the  lowest  gauge  cock  should 
b (located  on  the  line  LP. 

Ques.    What   auxiliaries  may  be  added  to  tlie  heat- 
ing surface  to  more  efficiently  absorb  the  heat? 

Ans.    Feed  water  heater,  super-heater,  and  economizer. 

Feed  water  heater  heats  the  feed  water  before  it  enters  the  boiler;  a  super- 
heater heats  the  steam  to  a  temperature  greater  than  that  due  to  its 
pressure  and  an  economizer  is  a  supplementary  heating  surface  interposed 
betw;een  the  boiler  and  chimney  to  absorb  as  much  of  the  heat  that  would 
otherwise  go  up  the  chimney,  as  is  commercially  feasible. 
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Ques.  In  large  plants  why  are  sev«*al  boilers  used 
instead  of  one  of  equivalent  capacity? 

Ans.  1,  for  mechanical  reasons,  especially  in  the  case  of 
shell  boilers  the  size  is  limited,  2,  in  case  of  accident,  only  part 
of  the  boiler  plant  need  be  shut  down  during  repair;  3,  for  vari- 
able load,  the  number  of  boilers  in  operation  may  be  altered  to 
suit  the  demand  for  steam. 
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Figs.  8,550  and  3,651. — One  reason  why  very  laxge  shell  boDerB  are  not  used. 

Ques.  What  is  the  chief  difference  in  behaviour  of 
water  tube  and  shell  boilers? 

Ans.  A  water  tube  boiler  is  more  sensitive  to  changes  in 
combustion  conditions  than  a  shell  boiler. 

Ones.    Why? 

Ans.  Its  response  to  changes  in  the  rate  of  combustion  is 
quicker  because  it  carries  less  water  in  proportion  to  the  heating 
surface. 
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Ques.    State  some  other  differences? 

Ans.  In  case  o£  a  sudden  demand  for  steam,  the  pressure 
will  fall  more  in  a  water  tube  boiler  than  in  a  shell  boiler,  because 
the  relatively  large  volume  of  water  in  the  shell  boiler  forms  a 
"reservoir"  for  the  storage  of  heat. 

The  fluctuations  in  water  level  are  usually  greater  m  water  tube  boilers, 
and  because  of  the  relatively  small  amount  (rf  water  carried,  they  require 
closer  attention  than  shell  boilers. 


Figs. S.fUS  and  3.S63. 
large  steAm  ood  Wat 
bofler. 

Ques.  What  is  the  difference  between  the  steam 
generated  In  a  horizontal  shell  boiler  and  In  a  Tcrtlcal 
boiler  with  full  length  tubes? 

Ans.  The  horizontal  boiler  usually  furnishes  steam  with 
2%  or  3%   of  moisture  while  the  vertical  boiler,   especially 
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SLIGHTLY  SUPERHCATCD 


VCT  STEAM 
-10I5TURE 


Piaa,  3  JSM  and  S  J>65.— DiSerance  betvean  tlu  ateam  ■enenUd  in  a  homoDU]  and  a  thnu 
tube  vertical  boiler.  Ordinarily  a  horizontal  boiler  fumisbH  steam  with  2  to  3  per  c< 
moisture,  but  in  the  caie  of  a  vertical  boiler  (especially  those  of  the  Manning  type)  them 
tiplieity  ot  hot  tubes,  a  part  ot  whose  surface  is  in  th«  steam  space.  traosmitsTieat  to  I 


a  loss  due  to  poor  co 
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when  the  water  is  low  in  the  glass,  will  produce  slightly  super- 
heated steam. 

Ques.  How  do  external  and  internal  furnace  boilers 
compare? 

Ans.  An  external  furnace  surrotinded  by  brickwork  is  subject 
to  loss  by  radiation,  whereas  most  of  this  heat  is  saved  in  an 
internal  furnace  boiler,  but  combustion  is  not  so  good  near  the 
cool  walls  of  the  internal  furnace. 

Ques.  How  does  the  position  of  boilers  aflFect  the 
convenience  and  safety  of  handling  in  marine  practice? 

Ans.  The  boilers  may  be  placed  low  in  the  hold,  as  in  most 
sea  going  ships,  or  above  the  water  line,  as  in  many  river  and  bay 
steamers.  The  latter  position  affords  a  certain  convenience 
in  discharging  ashes  and  handling  coaU  while  the  former  is  the 
safer  for  sea  going  ships. 

In  many  steamers  care  must  be  taken  that  the  heat  of  the  boilers  will  not 
prove  injtirious  to  the  ship  or  cargo. 
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CHAPTER    63 

BOILER  MATERIALS 

In  the  construction  of  a  steam  boiler,  a  very  small  variety  of 
materials  are  used,  yet  the  subject  of  boiler  materials  is  of  con- 
siderable importance  both  to  the  designer  and  operator;  it  may 
be  divided  into  three  sections: 

1.  Materials 

2.  Properties 

3.  Tests 

These  will  now  be  taken  up  in  the  order  given. 


1 .  MATERIALS 

The  substances  ordinarily  used  in  boiler  construction  are: 

1 .  For  the  boiler  proper 

a.  Copper. 

b.  Brass. 

c.  Ironj^Jfiieable 

d.  steel  {^^ 

2 .  For  the  setting  or  case 
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a.    Brick. 

6.    Various  insulators  {Jjjf**°^' 

In^arly  days  copper  was  used  for  the  furnace  sheets  and  stay  bolts  in 
locomotive  boilers  and  brass  for  tubes,  copper  being  regarded  as  the 
ideal  material  for  the  purposes  mentioned  because  of  some  of  its  proper- 
ties. 

With  the  gradual  increase  in  steam  pressures,  copper  and  cast  iron  were 
found  to  be  unreliable  and  were  discarded  in  favor  of  wrought  iron  and 
steel  although  copper  tubes  are  still  employed  in  special  types. 


Copper. — The  usual  method  of  separating  copper  from  its 
ore  is  by  means  of  heat  and  is  known  as  smelting.  In  the 
U.  S.  the  ore  is  smelted  to  a  matte  containing  45%  or  50%  of 
copper  and  then  reduced  to  blister  copper  in  a  converter. 

In  nearly  all  cases  the  copper  must  be  refined,  usually  electrically,  so 
as  to  remove  those  impurities  that  will  not  go  into  the  slag,  nor  be  oxidized 
like  sulphur. 

If  the  matte  contain  less  than  40%  of  copper,  the  cost  of  converting 
will  be  excessive;  if  more  than  70%,  it  wiU  be  difficult  to  concentrate  the 
copper. 

Coarse  ores  are  treated  more  rapidly  and  to  better  advantage  in  blast 
than  in  reverberatory  furnaces;  fine  ores  are  best  treated  in  a  reverberatory 
furnace. 

Both  the  blast  and  reverberatory  furnaces  are  the  same  in  principle  as 
those  used  in  the  iron  industry. 


Brass. — Mixtures  of  copper  and  zinc  are  called  brass.  Any 
mixture  of  two  or  more  metals  is  known  as  an  alloy.  Seamless 
brass  tubes  are  made  from  3^  inch  to  1  inch  outside  diameter, 
varying  by  He  inch,  and  from  ij^  inches  to  10  inches  outside 
diameter,  varying  by  J^  inch  and  in  all  gauges  from  2  to  24 
A.W.G. 

Brick. — The  best  brick  clays  are  composed  of  \-  silica,  ^ 
alumina,    and   5-   iron,    magnesia,    soda,    potash    and    water. 
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Exoess  aliimina  over  silica  causes  the  brick  to  crack  in  burning. 
When  sand  is  added  to  the  day  it  should  be  clean',  sharp,  fusible 
and  not  too  fine.  The  materials  of  fire  brick  are  generally 
fire  clays  which  are  hydrated  silicates  of  alumina,  containing 
from  60%  to  66%  of  silica,  30%  to  76%  of  alumina,  and  11%  to 
15%  of  water. 

Cast  Iron. — According  to  the  specifications  adopted  by  the 
International  Association  for  Testing  Materials  cast  iron  ia 


The  dom  a.  bCtoCccu 


Pig.  3.SSS.— Air  furnace  for  meltins  iron  to  be  used  fi: 
rape  A ,  passea  throufih  the  fuel  bed  B ,  over  the  bndae 

bed  D,  then  over  the  bridge  wall  E,  into  ehininey  P.    „ 

bedandthedoorsH.tothemolteniron.  which  ia  drawn  off  through  the  tap  J.    Frequently, 
■il pipes  gre  pbced  in  the  fiiat  biidoB  wall  C,  so  aa  to  add  air  to  the  flames,  sliahtly  imptoviog 

■enm  th«  tag  ot  the  funtice  and  feeding  a  numbar  ol  stnall  pipes  L>  that  supfly  the  air  neu 
the  bndge  inll  ao  as  to  obtain  the  snatAst  combuition  just  over  the  bwfong  spout.    Some- 

.:    ._..._  — r ._ ....i..ji_ "-—■-- "at  theholtqrtinrtalcaiilwdtawn 

GOmpositioil^  6t  the  coating  oeareT 


S  the  bedin  wail  C ,  aad  atoe  111) 
ere.  the  metal  should  beS  or  1 
•  slag  then  will  prevent  excess: 


defined  as  iron  containing  so  muck  carbon  that  it  is  not  mali&ible 
at  any  temperature.  It  consists  of  a  mixture  and  combination  of 
iron  and  carbon,  with  other  substances  in  varying  proportions. 
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Generally ,  commercial  cast  iron  has  between  3 %  and  4%  of  carbon .  The 
carbon  may  be  present  as  graphite  as  in  gray  cast  iron,  or  in  the  form  of 
combined  carbon,  as  in  wkUe  cast  iron. 

In  most  cases  the  carbon  is  present  in  both  forms.  Besides  carbon, 
silica,  sulphur,  manganese,  and  phosphorus  are  nearly  always  present. 

Malleable  Iron. — The  method  of  producing  malleable  iron 
is  to  convert  the  combined  carbon  of  white  cast  iron  into  an 
amorphous  uncombined  condition,  by  heating  the  white  cast 
irott  to  a  temperature  somewhere  between  1,380**  and 
2,000**  F. 

The  iron  i,or  castings  as  sometimes  called) ,  is  packed  in  retorts  or  anneal- 
ing pots ,  together  witti  an  oxide  of  iron  (usually  hematite  ore) .  The  oxygen 
in  the  ore  absorbs  the  carbon  in  the  iron ,  giving  the  latter  a  steel  like  natture. 

An  annealing  furnace  or  oven  is  used  for  heating,  and  the  castin£[s  are 
kept  red  hot  for  several  days  or  several  weeks,  depending  upon  the  pieces. 
In  order  that  the  process  be  successful,  the  iron  must  have  nearlv  all  the 
carbon  in  the  combined  state,  and  must  be  low  in  sulphur,  as  the  latter 
substance  is  fotmd  to  greatly  increase  the  time  necessary. 

Usually  only  good  charcoal  melted  iron  low  in  sulphur  is  used,  though  a 
coke  melted  iron  is  quite  as  suitable,  provided  the  proportion  of  sulphur 
be  small. 

The  process  is  not  adapted  to  verv  large  castings,  because  they  cool 
slowly,  and  usually  show  a  conidderable  proportion  ot  graphite. 

Wrought  Iron. — ^By  definition,  wrought  iron  is  a  slag  bearing 
malleable  iron  which  contains  comparatively  little  carbon.  Nearly 
all  the  wrought  iron  now  used  is  made  by  the  puddling  process. 

This  process  leaves  the  metal  in  the  condition  of  a  soft  plastic  ball 
saturated  with  slag.  This  ball  is  taken  from  the  furnace  and  dropped  into 
a  machine  which  squeezes  out  most  of  the  slag.  It  is  then passed  through 
a  train  of  rolls  which  ejects  much  of  the  remaining  slag  and  gives  the  plastic 
mass  the  form  of  a  bar. 

In  the  making  of  boiler  plates,  the  muck  bar,  as  it  is  called,  is  cut  up 
into  strips;  enough  strips  to  produce  a  sheet  of  the  desired  size  are  bound 
into  a  bundle,  the  bundle  is  then  brought  to  a  welding  heat  and  passed 
through  the  rolls.  Thus  it  is  that  a  wrought  iron  plate  consists  of  a  series 
of  welds.     This  accounts  for  its  laminar  structure. 
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The  presence  of  Blae  in  the  material  coa- 
tributes  largely  to  its  fibrous  texture,  the  rolls 
drawing  the  metal  out  into  a  stringy  mass,  each 
fibre  ofiron  being,  in  fact,  the  c( 
thread  of  slag. 

Wrought  iron  is  graded  in  several  ways,  there 
being  no  standard  system.  It  is  sometimes 
divided  into  two  classes:  l,£:Aofcmi/iron,  which 
is  made  from  diarcoaj  pig  and  usually  refined 
and  double  refined;  and  2,  common  iron,  which 
is  made  from  coke  pig. 

According  to  another  system,  it  is  classed  as: 
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Steel. — ^At  the  present  time,  steel  is  the  most  important 
material  of  construction.  Its  low  price,  combined  with  its 
great  strength,  permits  its  application  to  the  largest  and  most 
severely-strained  constructive  members.  It  can  be  forged  or 
cast  in  any  convenient  form,  and  is  readily  obtained  in  form  of 
plates,  bars,  and  other  shapes. 

A  disadvantage  is  that  it  is  rather  readily  influenced  by  rust  and  corro- 
sion, requiring  systematic  and  careful  attention  in  order  to  preserve  it 
against  the  action  of  moisture,  oxygen  and  carbonic  add,  ana  insure  its 
oontiiiif^  usefulness. 

It  is  also  attacked  by  galvanic  action,  in  connection  with  copper  or 
brass,  upon  immersion  in  a  polarizing  fluid. 

In  regard  to  its  percentage  of  carbon,  steel  occupies  a  middle  position 
between  cast  iron  and  wrought  iron.  In  common  with  the  former,  it  has  a 
suflBdently  low  melting  point  for  casting,  and,  in  common  with  the  latter, 
a  suffident  toughness  for  forging. 

According  to  their  varying  percentages  of  carbon,  three  kinds 
of  steel  may  be  recognized: 

1.  Soft  steel. 

2.  Meditun  steel. 

3.  Hard  steel. 

Soft  steel  is  nearest  to  wrought  iron  in  carbon  percentage  and  qualities, 
being  soft,  readily  forged,  and,  by  careful  handling,  may  also  be  welded. 
It  is  used  in  principally  the  flanged  parts,  furnace  plates,  rivets  and  other 
details 4  :v5irhich  are  exposed  to  alternate  heating  and  cooling,  or  to  severe 
treatment'  by  shaping  and  forming. 

Mediui^  9teel  is  harder  than  soft  steel  and  is  used  for  boiler  sheUs. 

Cast  Steel  has  about  the  same  percentage  of  carbon  as  soft  or  meditun 
steel .  It  has  in  addition  silicon  and  manganese  which  are  needed  to  produce 
good  castings. 

Hard  steel  comes  the  nearest  to  cast  iron  in  carbon  percentage,  and 

possesses,  as  its  most  important  quality,  a  dedded  facility  for  tempering 
and  hardening  upon  sudden  cooling  in  water. 

With  modem  methods,  steel  is  produced  by  reducing  the 
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carbon  percentage  of  cast  iron  to  the  desired  amount.     This 
may  take  place  in  two  ways  by: 

1.  Bessemer  process. 

2.  Open  hearth  .process. 

Betaemer  Procew. — ^This  process  oonsists  in  bloirin^  air  into  a  votical, 

KBC  shaped  converter,  fiill  of  molten  cast  iron.  The  air  is  blown  in  at  the 
ttom,  and  ri^ng  through  the  molten  mass  bums  the  carbon.  If  the  air 
admission  be  arrested  at  the  right  time  a  steel  of  predetermined  quality 
and  hardness  may  be  obtained. 


Pig.  3.M1  .—Bessemer  •»_ . , 
ttuttcriBl  B.  and  turnins  oi 

the  pipes  D  —-'•'-■ 

fractory  bo 


rerter  is  tripped  on  trunnions  and  its  contents  poured  into 
ts  coming  from  these  moulds  are  then  rolled  into  plates  or  shapes. 
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Bessemer  steel  is  objected  to  by  some  engiaeers,  as  not  possesang  uni- 
formity of  qualities  tiiroughout  the  material  obtained  from  the  same 
converter.    Further,  it  is  not  alway^  possible  to  determine  the  exact  p 
at  which  to  arrest  the  admission  of  air,  with  consequent  uncertaiar«~ 

Open  Hearth  Proeen. — In  this  method  cast  iron  is  deprived  of  its 
surplus  carbon  in  a  shallow  furnace,  where  the  molten  material  is  exposed, 
onabroadsurface,  to  pasang  currents  of  air  and  gases,  whidi  bam  out  the 


PkK.3.e63Bnd  3.(03.— open  hearth  fumace  and  plan  of  naeneiative  chaiuben  and  fliH*. 
UsubI  caiudty  SO  to  60  tone.  It  toiuttit  of  a  rectangular  hearth  vith  lurts  atcxA  and 
tnrough  wtiich  the  gas  enters  and  leaves.  Twa  chambera  at  each  end  provide  meani  (or 
heating  the  aif  and  tbe  gag.  The  root  of  the  (urnsce  muat  b«  hitb  eodtish  co  that  jt  win 
not  be  burned  up  b^  an  impinnng  flame  from  the  parts.  Tho  beaith  must  be  of  su^  a 
length  that  there  mil  be  com^dete  combustion;  Its  lenctli  should  be  about  2  to  2H  tiniea 
jta  width;  and  its  depth  lufficient  to  permit  oxidatiofi  of  the  metal,  yet  ahalhnr  enough 
to  givs  thoroagh  beatuis  aod  rCMonably  quick  wocldns  ol  the  bath. 

carbon  can  be  more  accurately  adjusted  to  the  desired  degree.  The  open 
hearth  product  is  regarded  by  many  engineers  as  nearer  imiform  in  qt^- 
ties,  and,  therefore,  preferable  for  most  purposes. 

Iron  and  Steel  Definitions. — ^At  the  Brussels  Congress  of 
the   International   Association   for  Testing   Materials   held   ia 
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September,  1906,  the  following  definitions  of  the  most  important 
forms  of  iron  and  steel  were  adopted: 


DEFINITIONS 


Alloy  out  irons* — Irons  which  owe  their  properties  chiefly  to  the  pres- 
ence of  an  element  other  than  carbon. 

Alloy  steels. — Steels  which  owe  their  properties  chiefly  to  the  presence 
of  an  element  other  than  carbon. 

Basic  pig  iron. — Pig  iron  containing  f)  Uttle  silicon  and  sulphur  that 
it  is  suitai  for  easy  conversion  into  sted  by  the  basic  open-hearth  process 
(restricted  to  pig  iron  containing  not  more  than  1.00  per  cent  of  silicon). 

Bessemer  pig  iron. — Iron  which  contains  so  little  phosphorusaad  sul- 
phur that  it  can  be  used  for  conversion  into  steel  by  the  original  or  add 
fiessemer  process  (restricted  to  pig  iron  containing  not  more  than  -^ 
per  cent  of  phosphorus). 

Bessemer  «fec^— Steel  made  by  the  Bessemer  process,  irrespective  of 
carbon  content. 

Blister  steel. — Steel  made  by  carburizing  wrought  iron  by  heating  it  in 
contact  with  carbonaceous  matter. 

Cast  iron. — ^Iron  containing  so  much  carbon  or  its  equivalent  that  it  is 
not  malleable  at  any  temperatiure.  The  committee  recommends  drawing 
the  line  between  cast  iron  and  steel  at  2.2  per  cent  carbon. 

Cast  steel. — ^The  same  as  crucible  steel;  obsolete,  and  confusing;  the 
terms  "crucible  steel"  or  *'tool  steel'*  are  to  be  preferred. 

Converted  steel. — ^The  same  as  blister  steel. 

Charcoal  hearth  cast  iron. — C^st  iron  which  has  had  its  silicon  and 
usually  its  pliosphorus  removed  in  the  charcoal  hearth,  but  still  contains 
so  much  carbon  as  to  be  distinctly  cast  iron. 

Crucible  steel. — Steel  made  by  the  crucible  process,  irrespective  of 
its  carbon  content. 

Gray  pig  iron  and  gray  cast  iron. — Pig  iron  and  cast  irc«i  in  the  frac- 
ture of  which  the  iron  itself  is  nearly  or  quite  concealed  by  graphite,  so 
that  the  fracture  has  the  color  of  graphite. 
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Malleable  coatings, — Castings  made  from  iron  which  when  first  made 
is  in  the  condition  of  cast  iron,  and  is  made  malleable  by  subsequent 
treatment  without  fusion. 

Malleable  iron* — ^Tbe  same  as  wrought  iron. 

Malleable  pig  iron. — ^An  American  trade  name  for  the  pig  iron  suitable 
for  converting  into  malleable  castings  through  the  process  of  melting, 
treating  when  molten,  casting  in  a  brittle  state,  and  then  making  malleable 
without  remelting. 

Open  hearth  steeU — Steel  made  by  the  open-hearth  process  irrespective 
of  its  carbon  content. 

Pig  iron, — Cast  iron  which  has  been  cast  into  pigs  direct  from  the  blast 
furnace. 

Puddled  iron* — ^Wrought  iron  made  by  the  puddling  process. 

Puddled  steel. — Steel  made  by  the  puddling  process,  and  necessarily 
slag-bearing. 

Refined  cast  iron. — Cast  iron  which  has  had  most  of  its  silicon  removed 
in  the  refinery  furnace,  but  still  contains  so  much  carbon  as  to  be  distinctly 
cast  iron.    ' 

Shear  steel. — Steel,  usually  in  the  form  of  bars,  made  from  blister  steel 
by  shearing  it  into  short  lengths,  piling,  and  welding  these  by  rolling  or 
hammering  them  at  a  welding  heat.  If  this  process  of  shearing,  etc.,  be 
repeated,  the  product  is  called  "double-shear  steeL" 

SteeU — Iron  which  is  malleable  at  least  in  some  one  range  of  temperature 
and,  in  addition,  is  either  (1),  cast  into  an  initially  malleable  mass;  or  (2), 
is  capable  of  hardening  greatly  by  sudden  cooling;  or  (3) ,  is  both  so  cast 
and  so  capable  of  hardening. 

Steel  castings. — ^Unforged  and  unrolled  castings  made  of  Bessemer, 

open-hearth,  crucible,  or  any  other  steel. 

Washed  metal. — Cast  iron  from  which  most  of  the  silicon  and  phosphor 
have  been  removed  by  the  Bell-Krupp  process  without  removing  xnudi  of 
the  carbon,  still  contains  enough  carbon  to  be  cast  iron. 

Weld  iron. — ^The  same  as  wrought  iron;  obsolete  and  needless. 

White  pig  iron  arui  white  cast  iron. — ^Pig  iron  and  cast  iron  in  the 
fracture  of  which  little  or  no  graphite  is  visible,  so.  that  their  fracture  is 
silvery  and  white. 

Wrought  iron. — Slag-bearing,  malleable  iron,  which  does  not  harden 

materially  when  suddenly  cooled. 
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2.  PROPERTIES 
OF  MATERIALS 


It  is  essential  that  anyone  engaged  in  the  design,  construction, 
erection,  or  operation  of  a  steam  boiler  should  be  familiar  with 
the  nature  of  the  various  materials  entering  into  its  construction. 

A  material  is  said  to  possess  certain  properties  which  define 
its  character  or  behaviour  under  various  conditions. 

The  following  definitions  of  terms  used  to  express  the  properties 
of  materials  entering  into  boiler  construction  should  be  noted: 

DEFINITIONS 

Brittle* — ^Breaking  easily  and  suddenly  with  a  comparatively  smooth 
fracture;  not  tough  or  tendcious.  This  property  usually  increases  with 
hardness.  The  hsurdest  and  most  highly  tempered  steel  is  the  most  brittle; 
white  iron  is  more  brittle  than  grey,  and  chiUed  iron  than  any  other.  The 
brittleness  of  castings  and  malleable  work  is  reduced  by  annealing. 

Cold  short, — The  name  given  to  the  metal  when  it  cannot  be  worked 
under  the  hammer  or  by  rolling,  or  be  bent  when  cold  without  cracking 
at  the  edges.  Such  a  metal  may  be  worked  or  bent  when  at  a  great  heat, 
but  not  at  any  temperature  which  is  lower  than  about  that  assigned  to 
dull  red. 

Cold  shut, — In  foimdry  work,  when,  through  cooling,  the  metal  passing 
round  the  two  sides  of  a  mould  does  not  properly  unite  at  the  point  of 
meeting. 

Ductile. — ^Easily  drawn  out;  flexible;  pliable.  Material,  as  iron,  is 
"ductile"  when  it  can  be  extended  by  pulling. 

Elastic  limit. — The  greatest  strain  that  a  substance  will  endure  and 
still  completely  spring  back  when  the  strain  is  released. 

Fusible. — Capable  of  being  melted  or  liquefied  by  the  action  of  heat 
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Hardness* — ^The  quality  or  state  of  being  hard  in  any  sense  of  the  word. 

Homogeneous* — Of  the  same  kind  or  nature;  hence,  homogeneous,  as 
applied  to  boiler  plates,  means  even  grained.  In  steel  plates  there  are  no 
layers  of  fibers,  and  the  metal  is  as  strong  one  way  as  another. 

Hot  short. — ^More  or  less  brittle  when  heated;  as  hot  short  iron. 

Melting  points  of  solids. — ^The  temperature  at  which  solids  became 
liquid  or  gaseous.  All  metals  are  liquid,  at  temperatures  more  or  less  ele- 
vated, and  they  probably  all  tvun  into  gas  or  vapor  at  very  high  tempera- 
tures. Their  melting  points  range  from  39  degrees  below  zero  of  Fanren- 
heit's  scale,  the  melting,  or  rather  the  freezing  point  of  mercury,  t^)  to 
more  than  3,000  degrees. 

Resilience. — ^The  act  or  quality  of  elasticity;  the  property  of  springing 
back  or  recoiling  upon  removal  of  a  pressure,  as  with  a  spring.  Without 
special  qualifications  the  term  is  imderstood  to  mean  the  work  given  out 
by  a  spring,  or  piece,  strained  similarly  to  a  spring,  after  being  strained 
to  the  extreme  Hmit  within  which  it  may  be  strained  again  and  again, 
without  rupture  or  receiving  permanent  set. 

Specific  gravity. — The  weight  of  a  given  substance  relatively  to  an 
equal  bulk  of  some  other  substance  whicSi  is  taken  as  a  standard  of  com- 
parison. Water  is  the  standard  for  Hquids  and  sohds,  air  or  hydrogen  for 
gases.  If  a  certain  mass  be  weighed  first  in  air,  then  in  water,  and  the 
weight  in  air  divided  by  the  loss  of  weight  in  water,  the  result  will  give 
the  specific  gravity;  thus,  taking  a  ten  pound  piece  of  cast  iron,  its  weight 
suspended  m>m  the  scale  pan  in  a  bucket  of  water,  will  be  8.6  pounds, 
dividing  10  by  the  difference  10 — 8.6  or  1 .4,  the  answer  will  be  7.14,  whidi  is 
the  specific  gravity  of  cast  iron. 

Strength. — Power  to  resist  force;  solidity  or  toughness;  the  qiuality 
of  bodies  by  which  they  may  endure  the  application  of  force  without 
breaking  or  yielding. 

Tenacity. — The  attraction  which  the  molecules  of  a  material  have  for 
each  other,  giving  them  the  power  to  resist  tearing  apart.  The  strength 
with  which  any  material  opposes  rupture,  or  its  tensile  strength. 

Tough. — 1 .  Having  the  quality  of  flexibility  without  brittleness;  capable 
of  resisting  great  strain;  able  to  sustain  hard  usage;  not  easily  separated 
or  cut. 

2.  Material,  as  iron,  is  said  to  be  ''tough"  when  it  can  be  bent  first  in 
one  direction,  then  in  the  other,  without  fracturing.  The  greater  the  ancles 
it  bends  through  (coupled  with  the  number  of  times  it  bends),  the  tourer 
it  is. 

Weldable. — ^A  term  applied  to  material;  as  iron,  if  it  can  be  united, 
when  hot ,  by  hammering  or  pressing  together  the  heated  parts .  The  nearer 
the  properties  of  the  material,  after  being  welded,  are  to  what  they  were 
before  being  heated  and  welded,  the  more  weldable  it  is. 


BOILER  MATERIAIS  1,997 

In  addition  to  these  definitions, 
others  will  be  found,  being  terms  used 
in  testing  and  representing  the  behav- 
iour of  material  under  tests. 

Copp^. — The  strength  of  copper 
decreases  rapidly  with  rise  of  temper- 
ature above  400°  F.;  between  800°  and 
900°  its  strength  is  reduced  about  half 
that  at  ordinary  temperatures.  Cop- 
per is  not  easily  welded,  but  may  .be 
readily  braised.  At  near  the  melting 
point  it  oxidizes  or  is  burned  as  it  is 
called  and  loses  most  of  its  strength, 
becoming  brittle  when  cool. 

.  Brass. — ^When  zinc  is  present  in 
small  percentages  the  color  of  brass  is 
nearly  red;  ordinary  brass  for  piping, 
etc.,  contains  from  30%  to  40%  of 
zinc.  Brass  can  be  readily  cast,  rolled 
into  sheets,  or  drawn  into  tubes,  rods 
and  wire  of  small  diameter. 


5%  of  zinc;  bronze  color,  10%;  light 
orange,  15%;  greenish  yellow,  20%;  yellow, 
30%;  yellowish  white,  60%.  The  so  called 
low  brasses  contain  37  to  45%  of  zinc  and 
are  suitable  for  hot  rolling,  and.  the  hiih 
brasses  contain  from  30  to  40%  of  zinc, 
being  suitable  for  cold  rolling. 


Cast  Iron. — The  properties  of  cast 
iron  depend  chiefly  on  the  proportion 
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of  total  carbon,  and  in   the   relative  proportion  of  combined 
carbon  and  graphite. 

Soft  cast  iron  called  gray  iron  contains  a  hi^h  percentage  of 
graphite  which  renders  it  tough,  with  low  tensile  strQigth; 
it  breaks  with  a  coarse  grained  dark  or  grayish  fracture. 


Fk!.  3,665.— Shore  scleruscope   outfit   eoruldlnfi   of    6- ,,    , 

mount  vdvelj  swing  ana  Hjid  pooti  nufoifier  hanuner  (for  soft  metala  only)  i  «oft  ai 
iteel  TspUce  aaxi;  fifty  bUnk  curved  charts;  cairying  cai 


NOTE. — Thg  Bnnelt  method  of  testing  hardness  consists  in  pnsiinR  >  hocdened  itael  bull 
lato  the  smooth  surface  of  the  metal  bo  aa  to  make  an  indentation  which  is  thenmeasuied  br 


_  „ ^B  rails,  stmctural 

[  and  baldening  of  steel  and  serva 


.length  diiectly  from  the  results  of  the  hi 
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The  iron  becomes  more  brittle  and  harder  as  the  relative  percentage  oE 
combined  carbon  and  graphite  decreases;  its  tensile  strength  increases 
somewhat,  and  the  fracture  is  fine  grained  or  smooth.  This  grade  ot  iron 
is  called  white  iron. 

Motlkd  iron  is  that  ^rade  in  which  half  the  carbon  is  dombined  and  Mt 
sfiparates  out  as  graphite.  In  castii^;,  when  cast  iron  hardens,  it  expands, 
and  then  contracts  as  it  cools,  the  shrinkage  being  about  }i  in<^  per  foot 
in  all  directionE.    Hardness  and  shrinki^^  increase  or  decrease  together. 

In  boiler  construction  cast  iron  is  used  for  grate  bars,  furnace 
door  frames  and  minor  boiler  fittii^ 


Fks.  S.fi67  and  3.S6S. — Olsen  BheorinE  test  tool  designed  tor  tating  1  inch  nnind  RMdmBD 
in  eitber  siagl«  or  dooble  ihear,  and  at  ttw  lame  block  cui,  if  deaiied,  in  provided  with 
otlier  shearing  tools  [or  testing  other  siiei  of  spedmen.    Pi«.  3,668.  wraKh. 

Malleable  Iron. — In  boiler  construction  malleable  iron 
finds  its  chief  use  for  pipe  fittings  as  employed  in  water  tube 
boilers  of  the  pipe  variety.' 

The  ductiHty  of  malleable  iron  is  from  four  to  six  times  that 
of  cast  iron,  or  about  iV  that  of  wrought  iron.  It  may  be 
welded  or  forged  with  proper  care  and  can  be  case  hardened. 
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Good  malleable  ircm  wiH  stand  considerable  bending  and  twisting 
before  breaking. 

Steel. — By  mixing  with  steel  certain  other  metals,  mainly 
manganese,  nickel,  aluminum,  chromium  and  tmigsten,  its 
strength,  hardness  or  toughness  may  be  increased  as  desired. 

The  first  essential  of  boiler  plate  is  a  uniform  blending  of 
the  physical  properties  that  will  enable  the  material  to  recover 
from  the  straii^  induced  by  the  various  stresses  of  operation. 
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The  most  important 
of  these  properties  is 
tenacity,  or  ability  to 
resist  a  pulling  stress. 

Carbon  possesses  no 
great  strength  on  its 
own  account,  but  when 
joined  in  chemical  affin- 
ity with  iron  it  develops 
strength  therein.  Cor- 
rect proportions  must 
be  maintaiiied,  however. 
Increaang  the  carbon 
content  up  to  a  certain 
per  cent,  conduces  to 
strength;  beyond  this 
point  the  strength  de- 
teriorates. 


Fig.  3,671.— Olsenm 


Mild  Steel  that  contains.  1  per  cent,  of 

carbon,  for  example,  has  a  ten^le 
strengUi  of  about  60,000  pounds  per 
square  inch, while  12  times  this  quantity, 
or  1.2  per  cent,  increases  the  tenacity 
to  nearly  140,000  pounds  per  square 
inch,  which  is  probably  the  limit  for 
carbon  steel. 

Increasing  the  percentage  of  carbon 
above  this  figure  causes  a  proportionate 
drop  in  the  tenacity  of  the  steel. 


i.  3.570.— -MalTsheffn 


.    The  RttAchment  la  tbrovn 
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With  2  per  cent,  its  strength  is  about  90,000  pounds. 


Fho»phoTU»  enhances  the  strength  of  steel.  It  also  adds  to  the  hardness 
of  the  plate  and  thus  makes  it  better  able  to  resist  abrasion .  These  quali- 
ties  are,  however,  best  secured  through  the  medium  of  carbon,  because 
phosphorus  tends  to  make  the  matenal  brittle.    Steel  containing  much 


are  required,  /no^/nilbif  thlsinstniinent.  the  twopointsD.E. areseparated  just  tOBtnddle 
the  Hpecdmen,  and  indicator  Tinger  C .  B^cured  by  thumbscrew  G.  In  placing  instrument  on 
specimen,  bar  A,B,  ia  placed  horizontal  as  near  as  may  be  observed;  indicator  finger  C,  to 
poiTit  to  upper  part  of  dial ,  as  shown  in  illustration.  TheBpac!ncbaT?H,I,by  the  clamp  K, 
are  placed  Bgauuit  the. inatnimenfs  main  pivots _D.  E,  and  the  specimen,  and  thus  holding 

orextenMon  readings  roacing  bars  should  point  up  instead  of  down,  as  shown  io  cut.  The 
io^Tutnent  is  fumisned  with  four  verniers,  which  are  marked,  the  vernier  leaving  the  mark 
correapODding  to  the  size  of  the  specimen  to  be  used .  Spacing  bars  for  B-ineh  length  cf 
specimen  are  furnished,  if  reQuiied,  2-inch,  4-inch,  ^jnch,  or  any  other  length  of  spacing 
ban  can  be  Eupphed.  With  the  clamp  K,  tlie  instrument  11  adjusted  to  z«io  when  in  posi- 
tion after  removing  the  thumb  screw  G. 
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phosphorus  is  particularly  weak  against  shocks  and  vibratorv  strains    f^ 

material.    It  should  not  excc^f^oT.te  to!olToS5|  ^  Jnt ^«  *^  *= 

Manganese  increases  the 
strength,  hardness  and  sound- 
ness of  the  steel.  Steel  con- 
taining a  considerable  propor- 
tion of  this  element  acquires  a 
pecuKar  brittleness  and  hard- 
ness that  makes  it  difScult  to 
cut.  Manganese  has,  however 
a  neutralizing  effect  on  sul- 
phur. 

Nickel  increases  both  the 
strength  and  toughness  of  the 
steel. 

Aluminum  acts  upon  steel 
largely  in  the  direction  of  im- 
proving the  soundness  of  inRols 
and  castings. 

The  standard  rules  of 
boiler  design  require  the 
physical  and  chemical  prop- 
erties of  the  grades  of  steel 
used  for  plates,  stays  and 
rivets  to  conform  to  certain 
tmifomi  specifications,  as 
later  given  in  detail.  The 
percentage  of  manganese  is 
left  to  the  discretion  of  the 
steel  maker. 


per  spacing  bars  and  tontact  point  for  g 
nt  IS  graduftted  W  read  .0001  to  .00001  o 
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The  small  quantity  of  silicon  present  in  boiler  plate  tends  to  make  the 
steel  slightly  harder  than  it  would  otherwise  be,  but  apparently  without 
diminishing  its  roughness  or  ductility,  and  also  without  appreciably 
aSecting  its  tensile  strength . 

Brick. — Clay  bricks  expand  or  shrink,  depending  upon  the 
proportion  of  silica  to  alumina  contained  in  the  brick,  but  most 
fire  clay  brick  contain  alumina  sufficient  to  show  some  shrinkage, 
A   straight  9-inch  fire  brick  weighs   7  pounds,   a  silica  brick 


iG.  3,fin.— Olwo  ei:teiuioa 

e  position,  as  shown,  both  for  eitension  anicompression  tests, 
speeinien  la  opeialed  upon.    The  loweipart,  or  arm.  is  adjustwl 

laple  as  an  eit«naion  micrometer  with  electric  contact,  only  that 
inch;  The  instrument,  or  any  part  of  it ,  cannotla  injured  by 
it  be  not  m  use,  and  the  machine  only  used  for  a  test  for  which 

jcg  machine,  on  which  it 


6.2  pounds;  a  magnesia  brick,  9  pounds;  a  chrome  brick,-  10 
poimds.  A  silica  brick  expands  about  }/^  inch  per  foot  when 
heated  to  2,500"?. 
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The  melting  point  of  the  various  kinds  of  brick  ranges  from  2,800°  to 
3,900 °F.  llie  chief  disadvantage  of  silicon  bricks  are  brittleness  and 
liability  to  "spall"  when  exposed  to  sudden  changes  of  temperature. 

Compressive  strength  of  ordinary  fire  brick  is  from  600  to  1,000  pounds 
per  square  inch  cold,  but  some  of  the  best  range  up  to  3,000  pounds  cold. 

• 

Boiler  Coverings  or  Insulators. — According  to  Kent 
asbestos  is  one  of  the  poorest  insulators.  It  may  be  tised  to 
advantage  to  hold  together  other  incombttstible  substances,  but 
the  less  of  it,  the  better. 

Any  covering  should  be  not  less  than  one  inch  thick.  A  covering  should 
be  kept  perfectlv  dry,  because  still  water  conducts  heat  about  eight  times 
quicker  than  still  air.  Some  good  coverings  arranged  in  order  of  efficiency 
(the  most  efficient  first),  are:  Rock  wool,  mineral  wool,  magnesia,  hair 
felt,  fire  felt. 


3.  TESTS 

ft 

In  boiler  design,  the  importance  of  properly  proportioning 
the  various  parts  to  withstand  the  stress  due  to  the  steam 
pressure  can  not  be  over  emphasized,  for  obvious  reasons.  The 
strength  of  the  materials  used  in  construction  is  best  determined 
by  tests. 

Metals  are  tested  for  strength  in  various  ways  as  by  taking  a 
sample  of  standard  shape  and  subjecting  it  in  testing  machines 
to  tension,  compression,  bending,  sheering  stresses.  There  are 
various  terms  used  in  testing  and  the  definitions,  as  here  given 
should  be  carefully  noted. 

DEFINITIONS 

Bending  8tres8, — In  physics,  a  force  acting  upon  some  member  of  a 
structure  tending  to  deform  it  by  bending  or  flexure;    the  effect  of  this 


BOILER  MATERIALS 


force  causes  betiding  strain  on  the  fibers  or  molectiles  of  the  material  of 
which  the  part  is  composed.  An  instance  of  pure  bending  stress  is  given 
by  pulling  on  the  end  of  a  lever,  which  tends  to  deflect  it  while  performing 

Compreatton. — To  press  or  jiush  the  particles  of  a  member  closer 
together,  as,  for  instance,  the  action  of  the  steam  pressure  in  a  bcfler  on 
the  fire  tubes. 

if  shape;  disfigurement,  as  the  dongation  of  a 


l»n  deflectioD  instnunoit  for  shonioc  the  deflection  gf 
.Bem&ed  ten  timea. 

60,000  pounds  per  square  inch,  and  the  working  load  be  6,000  pounds  per 
square  tnck,  then  the  factor  of  safety  is  60,000  -f-  6,000  =  10. 

Force, — That  which  changes  or  tends  to  change  the  state  of  a  body  at 
rest,  or  which  modifies  or  tends  to  modify  the  course  of  a  body  in  motion, 
as  a  pull  pressure  or  a  push;  a  force  always  implies  the  existence  of  a 
simultaneous  equal  and  opposite  force  called  the  reaction. 

Loud. — The  total  pressure  acting  on  a  surface;  thus,  if  an  engine  piston 
havii^  an  area  of  200  square  inches  be  subjected  to  a  steam  pressure  of 
150  pounds  per  square  inch,  then  the  load,  or  total  pressure  on  the  piston 
is  200  X  160  =  30,000  pounds. 

ce,  rivet,  tube,  etc.,  subject 
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^  THICKNESS  SAME  AS  BOILER  PLATE 

\^     ^1        wl    i^L-  PARALLEL  SECTION J 

r< 5         *"   /;*   P ^NOT  LESS  THAN  9"  I 

UJ ■  ^ 


»^^»;^^N^^^^^^^^ 


Fig.  3,576— a.  S,  M,  E,  standard  specimen  required  for  all  tension  tests  of  plate  matertaL 

Tension  and  bend  t«st  specimens  shall  be  taJcen  from  the  finished  rolled  material.  They 
shall  be  of  the  full  thickness  of  material  as  rolled,  and  shall  be  machined  to  the  form  and 
dimensions  here  shown,  except  that  bend  test  specimens  may  be  machined  with  both  edg^ 
parallel.  One  tension,  one  cold  bend,  and  one  quench  bend  test  shall  be  made  from  eadi 
plate  as  rolled.  If  any  test  specimen  show  defective  machining  or  develop  flaws,  it  may  be 
discarded  and  another  specimen  substituted.  If  the  percentage  of  elongation  of  any  tension 
test  specimen  be  less  than  specified  in  Pars.  28  and  29  below,  and  any  part  of  the  fracture 
be  outside  the  middle  third  of  the  gauged  length,  as  indicated  by  the  scribe  scratches  marked 
on  the  specimen  before  testing,  a  retest  shall  be  allowed.  The  thickness  of  each  plate  shall 
not  vary  more  than  .01  inch. 


A.  S.  M.  E.—Ill    PHYSICAL  PROPERTIES  AND  TESTS 

28  Tension  Tests,  a  The  material  shall  conform  to  the  following  requirements  as  to  ten* 
sile  properties: 

FLANGE  FIREBOX 

Tensile  strength,  lb.  per  sq.  in 65,000—66,000  56,000—63,000 

Yield  point,  min.,  lb.  per  sq.  in 6  tens.  str.  .5  tens.  str. 

1,500,000  1,600,000 

Elongation  in  8-in.,  min.,  pier  cent  (See  Par.  29) — 

Tens.  str.  Tens.  str. 

b  If  desired  steel  of  lower  tensile  strength  than  the  above  may  be  used  in  an  entire  boiler, 
or  part  thereof,  the  desired  tensile  limits  to  be  specified,  having  a  range  of  10,000  lb.  per  sq.  in. 
for  flange  or  8,000  lb.  per  sq.  in.  for  firebox,  the  steel  to  conform  in  allrespects  to  the  other  cor- 
responding requirements  herein  specified,  and  to  be  stamped  with  the  minmium  tensile  strength 
of  the  stipulated  range. 

c    The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

29  Modifications  in  Elongation,  a  For  material  over  ^  in.  in  thickness,  a  deduction  of 
«6  from  the  percentages  of  elongation  specified  in  Par.  28a,  shall  be  made  for  each  mcrease  of 
J^  in.  in  thidoiess  above  5i  in. ,  to  a  minimum  of  20  per  cent. 

b  For  material  ^  in.  or  under  in  thickness,  the  elongation  shall  be  measured  on  a  gauge 
length  of  24  times  the  thickness  of  the  specimen. 

30  Bend  Tests,  a  Cold-bend  Tests — The  test  si)ecimen  shall  bend  cold  through  180  de^. 
without  cracking  on  the  outside  of  the  bent  portion;  as  follows:  For  material  1  in.  or  under  m 
thickness,  fiat  on  itself ;  and  for  material  1  in.  m  thickness,  around  a  pin  the  diameter  of  which  is 
equal  to  the  thickness  of  the  specimen. 

A,  S.  M,  iS?.— MINIMUM  THICKNESS  OP  PLATES  AND  TUBES 

17  Thickness  of  Plates.  The  minimum  thickness  of  any  boiler  plate  und^  pressure  shaU  be 
H  in. 

18  The  minimum  thicknesses  of  shell  plates,  and  dome  plates  after  flanging,  shall  be  as 
follows: 

WHEN  THE  DIAMETER  OF  SHELL  IS 

36  in.  or  under  Over  36  in.  to  54  in.  Over  64  in.  to  72  in.  Over  72  in. 

H  in.  Ke  in.  ^  in.  H  in. 
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sighing  calumns  or  otherpartaof  the  weighiiiff  system »  chufl  obtaining  t1 
«^j  ^..«^:,:,— r.^-      o^i j^  pn  ^j^g  scalr  beorn  drivei  both  the  w«ir 


auttwnphic  apparatus  is  mounted  on  tht 


loiTCspond  to  the  load  weighed.  The  pencil  is  arranKed  with  a  dotted  motion,  thus  relieviog 
all  the  friction  from  the  revolvins  diaEram  drum ,  and  the  dotting  is  such  as  to  produce  an 
even,  continuous  Une  as  a  record  o£  the  test.  A  variable  speed  cone  system  is  piovided, 
so  that  the  rate  of  aut<>matLC  travel  of  the  weighing  poise  inay  be  varied  quickly  to  meet 
conditions  of  the  test  and  during  the  test,  so  as  to  produce  a  re^lar  curve  at  all  tiines. 

^Kciai  aluminum  olamps.  whif^  partly  take  up  for  the  reduction  in  area  of  the  specimen 
and  a  ^fecial  setting  apparatus  are  provided.    In  operatton  the  pencil  scribes  the  move- 

of  which  magnifies  the  elongation  or  compression  of  a  specimen  ten  times.    To  produce  the 

ting  the  poise  on  the  beam  and_  the  other  for  operating  the  pencil  on  the  diagram  drum 


ontact  produces  an  electric  current  whii 
cale  beam,  which  in  turn,  through  a  fr 
jj  move  the  poise  to  balance  the  beam. 
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Pio.  3,6S0. — Tenillm  tat.  The  Bpedmen  R,  u  placed  in  tbe  w«dse  gnps  a.  6^.  tf ,  UiuspullinB 
'  it  ia  tennon  between  the  filed  end  and  movable  head  of  the  mActaine.  Tbe  latter  u  ctm- 
nected  with  the  luieleTer  G,  upon  which  ilideB  the  weight  W,  similar  to  en  orrUnarrweiehiaf; 
BctHfo*    Two  center  maris  Land  F,  an  punched  on  the  Bpeomea  at  a  standard  distance  A, 

apart,  in  t—tlna,  the  pull  on   '  ' '  -—•...- 

and  the  dimensons  A,  and  B 


Pics.  S.Sgl  and  3,582.— Tensile  test  specimen  before  and  after  rupture  showins  reduction  (^ 
section, B',  at  bnsk.     fiomnfe.  Assume  A=2  inchesi  B^.SOS  inches  Uiea  eras  ana 

""^       "'"  ie"£acta''be'e.25o'Md^l2,l'60r«raSs.  thra%,aa)+.2-31,250 

■■""""" '      '■'      te  strength  per 

placed  togetW 


ounda  elastiolimi .  , , ...   _.    .   ..  _ , 

luare  inch.    To  calculate  the  percentage  of  eloogation,  the  broken  parts  a»  placed  tt 
nd  A'  measured.    Assuming  A' -2.S6  inches,  then  2.GG— Z-.55  m  total  elongatio 


and  .2-.OM-.10e equal 
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Teruile  atrength. — The  cohesive  power  by  which  a  material  resists  an 
attempt  to  pull  it  apart  in  the  direction  of  its  fibers,  this  bears  no  relation 
to  its  capaaty  to  resist  compression. 

Teiwion. — ^The  stress  or  force  by  which  a  member  is  pulled;  when  thus 
pulled,  the  member  is  said  to  be  in  tension. 


unit  stress  developed  at  any  ti 


Yield  point.— The  pdnt  at  which  the  stresses  and  the  strains  become 
qual,  so  that  deformation  or  permanent  set  occurs.  The  point  at  which 
he  stresses  equal  the  elasticity  of  a  test  piece. 


Fig.  3.BS3. — Cbrnpreolbn  (eat.  The  speciiDen  R.  is  placed  bttween  the  tiro  plates  M.and 
S.fUidtLCOinpressioiistresaof  any  intenaity  applied  by  moving  the  weight  W,  on  the  lever  G. 
In  tattlna,  as  the  load  ii  gTBdiuiUy  increased,  the chaogeE in dimensioiiE  A. and  B. are  noted 
and  result  calculated  in  a  manner  similar  to  that  eiplained  for  the  tension  test  fig.  3.S80. 

The  materials  used  in  the  construction  of  boilers  must  pass 
certain  tests,  samples  or  "specimens"  o£  the  materials  having 
standard  fonns  being  taken  for  the  purpose.  The  various  tests 
that  should  be  made  are: 

1 .  Tensile.  5 .  Tortional 

2.  Compression.  6.  Hardness. 

3.  Transverse.  7.  Cold  bending. 

4.  Shearing.  8.  Homogeneity. 
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These  tests  are  made  as  here  briefly  explained,  suitable 
machines  being  employed  in  subjecting  the  specimens  to 
the  necessary  stresses. 

Tension  Test. — The  specimen  is  placed  in  the  machine  and 
gripped  at  each  end,  then  a  tension  stress  is  applied  gradually 
increasing  in  intensity  until  rupture,  noting  its  elongation, 
contraction  of  area  for  various  loads,  elastic  limit,  and  breaking 
load,  the  results  being  tabulated  thus: 


faiNy^aBM^ftriiK^^^^^^^^ 


Pig.  3,584. — Travene  test.  The  specimen  R,  is  placed  on  two  supports  M,  and  S,  and  a  load 
W,  applied  at  the  mid  point  as  shown.  The  denection  or  amotint  of  bending  for  any  load  is 
indicated  with  precision  by  the  multiplying  gear  LP.  In  testing,  the  weight  W,  is  graduaUy 
increased  and  deflections  noted  till  the  breaking  load  is  reached. 


Specimen:  length. 

Tensile  Test 

. .  .inches;       cross  section. . .  .inches; 

shape 

Load 

Contraction 
of  area 

Elastic  limit 

Total 
in  pounds 

Pounds 
per  sq.  in. 

Tensile  strength 
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Compression  Test.— In  making  this  test  the  specimen  is 
placed  between  two  plates  as  in  fig.  3,583  and  a  compression  stress 
appHed  gradually  increasing  in  intensity  until  rupture,  noting 
its  increase  of  section,  decrease  in  length,  elastic  limit  for  various 
loads,  and  its  compression  strength  or  load  at  rupture,  the  results 


Pu.  S.58fl.— Richie  U,  S.  sUndHrd  mew  poner  totini 
long  ot  less,  withSOpercent.  elongation  fori  foot  spec 
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being  tabulated  in  a  similar  manner   as  indicated  under  the 
tension  test. 

Transverse  Test. — ^This  test  is  made  as  shown  in  fig.  3,584  by 
placing  the  specimen  over  two  supports,  loading  the  bar  at  a 
point  midway  between  the  supports,  and  noting  the  bending  and 
breaking  loads. 


///■mi,  "1WM'' 


CUTTER 
SPECIMEN 


SINGLE 
SHEAR 


DOUBLE 
SHEAR 


f<iti/iii"i:iy"'ifiii"'i',;!"!i'iiite'iiniiiiiiii„'.i'miiii 


Figs.  3,586  and  3,587. — Single  and  double  shear  tests.  The  specimen  is  placed  in  the  holder 
and  the  stress  applied.  The  cutter  shears  the  metal  in  a  single  plane  for  single  shear  and  it» 
two  planes  for  double  shear- 
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Shearing  Test. — There  are  two  kinds  of  shearing  test  accord- 
ing as  the  specimen  is  in  single  or  double  shear,  as  shown  in  figs, 
3,586  and  3,587.  In  either  case  the  test  is  made  by  cutting 
through  the  specimen  and  noting  the  load  required  for  the 
operation. 


TTa.S.BSS.-^TOrllan  le»l.    Thespeamtn  is  gripped  in  the  head  so  tlut  it  CHnnot  turn  and  the 
deflector  mdicator  attached;  thia  end  tree  to  turn  on  the  support.    Tortion  js  applied  by  the 

is^sti>rt«d  from  a  straight  line,  to  a  spiral  form,  the  amount  oE  distortion  depending 
upon  the  intensity  of  the  tortional  force  applied  and  the  resisting  power  of  the  metal.  By 
attachins  at  the  deflection  end.  a  suitable  scale,  the  amount  of  twist  can  be  read  in  degrees. 

tortional  stren^h .  Since  the  strain  vaiies  over  the  sectional  area,  it  cannot  be  eipressed  as 
pounds  per  square  inch,  but  must  be  stated  aa  inch  founds.  The  value  is  obtained  by 
multiplying  the  pull  applied  by  the  lever  arm  by  the  distance  through  which  it  acts.  Thus 
if  the  weight  be  100  pounds  and  the  lerer  arm  be  30  inches,  then  the  tortional  atrtss 
corresponduiflly  is  100X30=3.000  inch-pciunds.    Again  if  the  indicator  register  20*^  on 


Tortional  Test. — If  one  end  of  a  specimen  be  fbted  and  a 

twisting  force  be  applied  to  the  other  end  then  an  element  of 
the  surface  which  was  straight  before  applying  the  force  will 
assume  a  helical  form. 
•   Fig.  3,588  shows  the  method  of  making  a  test  of  this  kind. 
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rebound  method.  A  hamraer  having  A  diamond  JKunt  it 
■■  ana  elevaWd  10  inches  above  the  specimen,  fiom  this  position  the 
p3Ti  the  specimen  and  the  rebound  noted  by  aid  of  the  scale.  TIh 
le  harder  the  BBlerial.  This  test  is  adapted  for  material  of  the  iame 
le  of  different  nature*  because  in  soioe  cases,  the  safter  materiiil  win 
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ICS.  3,690  and  3.501.— A.S.M.E.  cold  btndlnf  and  Oatttning  teMt  far  rivtt 

cald  beod  test  the  rivet  ahanlc  shall  bend  through  lSa°  Bat  upon  itself  aa  shown,  withe 
injE  on  tho  outside  of  the  b&nt  portion, 

A.S.M.E.  Tattt—Rtquiremiiils  Jot  boiier  rivel  siid. 
44    TauioH  TaU.     a    The  bais  shall  conform  b 


Tenulestiength.  lb.  persq.  m 40,000— Sfi.OOO 

Yield  point,  min.,  It>.  persq.  in J>  tens.  Mr. 

81ongHtlDnu8in.,mui.,  percent l.fiOO.OOO 

but  need  not  exceed  30  per  cent.  Tens,  str, 

b     The  yield  point  EhsU  be  deCenmned  bj  the  dnip  of  the  besm  of  the  testing  machine. 

45  Bmd  TesU.  a  Cold-btnd  Tcili— The  test  specimen  shiill  bend  cold  thnugh  ISO  deg. 
Sat  DO  itself  without  diBCldng  oq  tlie  outside  of  the  bent  portion. 

b  Quenck-bend  TisU—Tbe  test  specimen ,  when  heated  to  a  light  cheny  nd  as  seen  in  the 
dark  (not  less  than  1200  deg.  tahr.),  aad  quenched  at  once  in  water  the  teropeiature  of  which  is 
between  SO  deg.  and  90  deg.  fahr..  shall  bend  thnugh  ISO  deg.  flat  on  itself  without  cracking 
on  the  outaide  of  the  bent  portion. 

46  Test  Spiiimaa.     Tension  and  bend  teat  spedmens  shaU  be  of  the  foU-nie  section  of 

47  NuwhtrofTats.    a  Two  tension,  two-cold  bead,  and  two  guench-bend  tests  shaU  be 

b  If  any  teat  spedmen  develop  flaws,  it  may  be  discanied  and  another  ipecimen  sub- 
stituted. 

c  If  the  peiceatase  of  elongation  of  any  teosioii  test  specimen  be  less  than  that  epecified 
in  Pal.  44  and  any  part  of  the  fracture  is  outside  the  middle  third  of  the  gaged  length,  as  indi- 
cated by  scribe  sciatches  marked  on  the  spedmeo  before  testing,  a  TBleet  shall  be  allowed. 

48  Ptrmisnbit  VariatioiH  i«  Caii,  The  gage  of  each  bar  shaU  not  vaiy  man  than  .01 
in.  from  that  specified. 

V    WORKMANSHIP  AND  FINISH 

49  Workmaiuhip.    Tbe  liniahed  ban  stuU  be  cimlar  within  .01  in. 

GO    FiMJlA.    The  finished  bars  shall  be  free  from  injurious  defecti  and  shall  liaVe  a  work 
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Hardness  Test. — ^There  are  two  ixiethods  of  testing  for 
hardness,  as  by:  1,  pressing  a  hardened  steel  ball  into  the 
specimen  under  a  fixed  pressure,  and  noting  the  diameter  of  the 
indentation,  and  2,  letting  a  weight  fall  from  a  given  height  on 
the  specimen,  and  noting  the  rebound. 

In  these  tests  the  hardest  material  will  have  the  smallest  indentation 
and  cause  the  highest  reboimd.    Fig.  3,689  illustrates  the  rebound  test. 


Cold  Bending  Test. — The  specimen  is  bent  fiat   (that  is 


1^  -% 
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groove/  Z> ^  I  I  ><\FRACTURE 

toKuuH  jr<.  \  I       /JtJ  AT  GROOVE 

Figs.  3,592  and  3,593. — A,  S,  M»  E,  homogenerty  test*    Made  by  grooving  and  fracttuing 
specmen;  described  in  detail  in  accompanying  text. 

A,  S.  M.  E.  Testa — Retirement  for  Stayhclt  Steel. 

63     Steel  for  staybolts  shall  conform  to  the  requirements  for  Boiler  Rivet  Steel  specified 
in  Pars.  40  to  62,  except  that  the  tensile  properties  shall  be  as  follows: 

Tensile  strength,  lb.  per  sq.  in 60,000— 60,000 

Yield  point,  min.,  lb.  per  sq.  in 0.5  tens.  str. 

Elongation  in  8  in. ,  mm. ,  per  cent 1,500,000 

Tens.  str. 

Also  with  the  exception  that  the  permissible  variations  in  gauge  shall  be  as  follows: 

PermissiV'  Variations  in  Gauge.     The  bars  shall  be  truly  round  within  0.01  in.  and  shall  not 
vary  more  than  0.005  in.  above,  or  more  than  0.01  in.  below  the  specified  size. 
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through  180°)  either  on  itself  or  over  a  pin  o£  given  size  as  in 
figs.  3,590  and  3,591  and  the  condition  of  the  metal  at  the  bend 

noted. 

Homogeneity   Test. — In   making  this  test,  the  specimen 


Pig.  3,BM.pX^^5.  M.E.  standard  specimen  required  lor  tensic 
:e  called' foi 


■lal.  The<,__  _  _ »-     -  _- 

The  tensile  t 


The  CApense  of  the  t^aile  teat  ^lall  fa 


I     PHYSICAL  PROPEitTIES  AND  TESTS 
A.  S.  M.  E.  Tfti—RttuiTtmnIs  for  Ririls. 
55    Tension  Trsts      Tht^-r^vt^ta  a,y^pT,  it^^t-A  ckaii  .^.^-^f.^*-^  t'^«h«  m^.i 
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WORKMANSHIP  AND  FINISH 

59      tVirkmar 
■mrlonanlilte  ma 

ahip.    The  : 

rivets  shall  be  ti 

me  to  form,  cone 

«ntric,  and  shall 

Ibe^adei 

60 

Finish. 

The  finished 

rivets  shall  be  h 

ree  from  injurious 

defects. 

III    INSPECTION  AND  REJECTION 

times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the'  manu- 
(actuPer's  works  which  concern  the  manufacture  of  the  rivets  ordered.    The  manufacturer 

being  furnished  in  accordance  with  these  Gped£cations.  All  tests  and  inspection  shall  be  made 
at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  con- 
ducted as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

02     RtjicUon .    Rivets  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected,  sjid  the  roanufacturer  shall  be  notified. 
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shall  be  either  nicked  with  a  chisel  or  grooved  on  a  machine, 
transversely,  about  He  in-  deep,  in  three  places  about  2  in.  apart. 

The  first  groove  shall  be  made  2  in.  from  the  square  end;  each  succeeding 
groove  shall  be  made  on  the  opposite  side  from  the  preceding  one.  The 
specimen  shall  then  be  firmly  held  in  a  vise,  with  the  first  groove  about  ^ 
in.  above  the  jaws,  and  the  projecting  end  broken  off  by  light  blows  of  a 
hammer,  the  bending  being  away  from  the  groove.  The  specimen  shall 
be  broken  at  the  other  two  grooves  in  the  same  manner. 

The  object  of  this  test  is  to  open  and  render  visible  to  the  eye  any 
seams  due  to  failure  to  weld  or  to  interposed  foreign  matter,  or  any  cavities 
due  togas  bubbles  in  the  ingot. 

One  side  of  each  fracture  shall  be  examined  and  the  length  of  the  seams 
and  cavities  determined,  a  pocket  lens  being  used  if  necessary. 
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CHAPTER  64 

SHELL  BOILERS 

In  a  shell  boiler  the  water  and  steam  are  contained  in  a  vessel 
usually  of  cylindrical  form,  most  of  the  heating  surface  being 
composed  of  fire  tubes  y  or  flues  as  distinguished  from  the  com- 
bination of  drum  and  water  tubes  in  the  water  tube  boiler. 

Ques.  What  is  the  difference  between  a  fire  tube  and 
a  water  tube? 

Ans.  The  hot  gases  pass  inside  of  fire  tubes  and  outside  of 
water  tubes,  the  water  being  outside  of  fire  tubes  and  inside  of 
water  tubes. 

Classes. — There  are  two  great  divisions  of  shell  boilers,  being 
classed  with  respect  to  the  position  of  the  furnace,  according 
as  it  is: 

1.  Externally  fired,  or 

2.  Internally  fired. 

The  multiplicity  of  types  included  in  these  two  divisions  are 
due  to  varied  working  conditions  encountered.  According  to 
service  all  boilers  may  be  divided  into  three  classes. 

1.  Stationary*. 

2.  Locomotive. 

3.  Marine. 


♦NOTE. — ^Tfce  term  "stationary**  boilers  is  purely  an  American  exfnession.  the  equivalent 
English  tenn  being  "land"  boilers. 
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Flos.  3.5B5 

and  3.590.— Watt  >  wagon  twiler  with  split  drauaht 
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1.    EXTERNALLY  FIRED 

BOILERS 

Development  of  the  Shell  Boiler. — ^The  early  forms  of 
shell  boiler  were  of  the  externally  fired  class,  the  first  of  these 
being  the  wagon  boiler  brought  out  by  James  Watt  as  shown 
in  figs.  3,595  and  3,596. 

At  this  time  the  prime  object  was  to  get  enough  steam,  no  attention 
being  paid  to  economy.  These  boilers  were  suitable  for  only  very  low 
pressure  and  were  made  of  inferior  metal . 

After  some  experimenting  it  became  apparent  that  the  shape  of  the  boiler 
must  be  changed  to  adapt  it  to  higher  pressures.  To  make  it  more  eco- 
nomical, the  heating  surface  was  divided  into  smaUer  sections  by  inserting 
tubes  or  flues  through  which  the  hot  gases  passed,  and  later,  to  increase 
the  strength,  the  boiler  was  made  cylindrical. 

At  first,  boilers  were  spherical,  then  of  various  shapes,  some  resembling 
a  haystack,  and  others  of  more  complex  forms. 

Following  these  came  the  plain  cylinder,  which,  in  development,  was 
provided  with  one  or  two  flues,  and  as  more  heating  surface  was  demanded, 
the  flues  were  reduced  in  size  and  increased  in  number;  then  a  multiplicity 
of  tubes  were  used  as  in  the  form  commonly  used  at  the  present  time. 

Ques.   What  is  the  difference  between  a  flue  and  a  tube? 

Ans.  A  flue  is  of  relatively  large  diameter  and  is  riveted 
at  its  ends  to  the  sheets.  A  tube  is  of  relatively  small  diameter 
and  is  expanded  into  the  sheets. 

In  tubular  boilers  sometimes  a  few  heavy  tubes  are  used  which  are 
screwed  into  the  sheets  to  obtain  additional  strength.  The  erroneous  use  of 
the  terms  ^«e  and  tube  should  be  avoided. 

Ques.    What  are  the  sheets? 

Ans.  The  boiler  heads  having  circular  holes  for  the  flues  or 
tubes  and  to  which  they  are  respectively  riveted  or  expanded. 
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3, 602 .—Evolution  of 
cylinder  boiler;  fig.a.B 
flue;  fig.  3,602.  mulli-l 
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The  Horizontal  Return  Tubular  Boiler. — This  type  is  a 
development  of  the  plain  cylinder  boiler,  a  shown  in  figs.  3,597 
to  3,602.    As  shown  the  flues  were  first  introduced,  increased  in 


Figs.  3,803  and  8,604.— Plain  cylinder  boiler, 
conaists  of  a  c>;linder  A.  fonned  of  iron  jola 
with hcmisphEricBl ends  BB.Set  horiiontafly 
briclt  workC.  The  lower  pirt  o£  this  cylind 
cont^ns  the  water,  the  upper  part  the  steai 
The  Eumaca  1^  is  outside  the  cylinder,  beii 

«,  ^in  the  bric'kwm^t  a  convenSntdista^ 
belnn'  the  bottom  of  the  boilET.    The  sides  u 

wUch    beinf 

ban  throuoL  ,-, 

brick  work.    Thi 

bars  from  below.     The  portion  below  the  ban 

is  called  the  ash  pit.     The  Same  and  hot  gasea, 

when  fonned,  first  strike  on  the  bottom  of  the 

boiler,  and  are  then  carried  forward  by  the 

draft,  to  the  so-called  btidgewallo.  which  is  a    : 

projecting  pieccof  brick  work  which  counteracts   ' 

the  area  of  the  passage  n  aad  forces  &11  the 

products  of  combustion  to  kcffi  dose  to  the 

bottom  of  the  boiler.    Thence  the  gases  pass  along  the  passage  n,  and  return  part  one  side 

of  the  cylinder  in  the  passage  m  (fig.  3,0M)  and  back  again  by  the  other  side  flue  n  to  the 

tar  end  of  the  boiler,  whence  they  escape  up  the  chimney.    This  latter  is  provided  with  a 

door  or  damper  p,  which  can  be  closed  or  opened  at  will,  so  as  to  regulate  the  draught. 

The  boiler  has  the  advantages  of  cheapness,  and  convenience  of  cleaning  since  a  man  can 

get  inaide  and  clean  and  have  access  to  all  the  interiorauifaee.     The  large  Btntntnt  of  water 

surface  that  it  be  made  very  long.  It  is  adapted  to  bad  water  and  for  blaatfumace  work 
when  the  lon^  dame  for  the  blastfurnace  has  to  be  utilized.    An  iniportant  defect  is  that  the 

ttio  metal  of  which  the  ehell  of  the  boiler  is  composed  expands  veiy  uuetjually  in  each  of  the 
fiues.and  cracks  are  very  likely  to  take  place  when  the  elTects  of  ue  changes  of  temperature 
are  most  felt.  It  will  be  noted  that  the  flames  and  gaaes  in  this  eariiest  type  of  steam  boiler 
TPake  three  turns  before  reaching  the  chimney,  and  aa  these  boilers  were  made  frequently  as 
much  as  40  feet  long  it  gave  the  Extreme  length  of  120  feet  to  the  heat  products- 
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number  and  diminished  in  size,  finally  a  multiplicity  of  tubes 
usually  3  to  4  inches  in  diameter  being  used. 

The  heads  above  and  below  the  tubes  are  stayed  with  diagonal 
and  through  stays. 


Pic.  3.605.— Single  return  flue  boiler.  To  increase  the  heating  surface,  flues  or  internal  letum 
pasRaRcs  were  introduced  thTough  which  the  Rosea  should  pass  to  the  front  of  tie  boiler, 
Jocatin^thc  chimney  at  the  front.  This  type  has  ^reat  storage  capacity  and  b.  large  increase 
of  heating  surface  over  the  cyUndEf  boiler,  but  the  fliiea  are  an  element  of  weakness,  as  they 
are  subject  to  external  pressure.  The  Aue  boiler  is.  therefore,  not  adapted  to  high  pressure 
work.  The  flueaactasbraces  for  the  heads.  It  wasusedfor  lOtoeOpounds  boiferpressure 
and  from  one  to  twelve  flues  were  used,  these  being  from  fl  to  8  inches  on  dimneter.  For 
the  larger  siaes  stiffening  tinga  were  put  around  the  flues  to  prevent  collapse. 

Tubes  are  fastened  to  the  heads  by  beading  over  the  ends.  The  water 
line  is  carried  from  3  to  4  inches  above  the  upper  tubes  so  that  the  amount 
which  it  may  vary  is  comparatively  small. 
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•I  heating  surface,  but 

It  is  rather  difficult  to  dean  this  type  of  boiler.  A  manhole  is  provided 
at  the  top  by  which  entrance  can  be  had  for  cleaning  and  inspection,  and 
hand  holes  are  provided  in  the  heads  below  the  tubes  for  introducing  scraping 
tools  and  for  washing  out  sediment. 


d  3,607. — Elephant  boilBr;  a  type  used  cartensively  in  Fiance.  Itooruiix 
sr  placed  above  and  connected  by  a  series  of  docIq  to  two  wlinden  or 
shown,  a  ateam  drum  being  similarly  connected  on  top.  The  difficult; 
its  getting  ^od  circulatinn.  because  the  steam  formed  in  tiie  lower  water 
>e  to  the  upper  drmn  onty  thzoueh  the  uecks-  Hence  wh«B  boUer  is 
ipacity  or  forced,  e,  liberal  number  of  necks  should  be  provided- 


The  tubes  are  usually  arranged  in  vertical  rows  to  facilitate  circulation, 
leaving  an  extra  wide  space  at  the  middle  and  next  to  the  shell.  In  some 
designs  the  tubes  are  staggered  vertically  to  render  tiie  heating  sinface 
more  efficient. 

The  cost  of  this  boiler  is  of  course  greater  than  the  flue  type,  but  somewhat 
less  than  the  Cornish  or  Scotch  types;  this  is  offset,  however,  by  the  expense 
of  the  back  setting. 
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The  general  features  of  the  horizontal  tubular  boiler  are  illustrated  in 
figs.  3,611  and  3,612,  showing  boiler  with  and  without  dome.  The  methods 
rt  "setting"  the  boiler  are  explained  in  the  chapter  on  BoHer  Settings. 


2.    INTERNALLY  FIRED 

BOILERS 


The  waste  by  radiation  from  the  externally  fired  boiler  setting 
was  early  observed  by  Trevithick,  a  Cornish  engineer,  who  in 
order  to  overcome  this  adopted  the  expedient  of  putting  the 
furnace  inside  a  large  flue,  and,  as  usual,  instead  of  receiving 
credit  for  this  improvement,  it  became  known  as  the  Cornish 
boiler. 

Trevithick  or  So-called  Cornish  Boilers. — ^By  placing  the 
furnace  inside  a  large  flue  nmning  the  length  of  the  boiler 
Trevithick  not  only  succeeded  in  reducing  the  loss  by  radiation, 
but  obtained  additional  heating  surface,  thus  permitting  a 
reduction  in  length  as  compared  with  the  plain  cylinder  boiler. 

Oliver  Evans  used  this  type  as  early  as  1800,  and  in  England 
it  led  to  the  intemall]^  fired  flue  boilers  which  are  still  extensively 
used  in  the  small  and  medium  sizes. 

The  general  construction  is  shown  in  figs.  3,613  and  3,614.  With 
increasing  pressures  it  was  necessary  to  support  the  flat  heads,  and  diagonal 
or  gusset  stayB  of  the  type  here  incGcated  were  used. 
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The  necessity  oE  providing  room  tor  the  furnace  within  the  boiler  shell 
also  made  it  aecessary  to  increase  the  diameter  of  the  boiler  and  althoi^ 
the  flue  acted  as  a  stay  for  the  loner  part  of  the  heads,  the  upper  parts 
needed  support. 


}I3  and  3.B1*.—Treiitthick  or  so  called  Camish  boiler  introduced  in  Cornwall. 
'tw  of  a,  cylindrical  shell  having  »  lai^  flu«  running  th«  length  of  the  boiler  and  _ 
b  placed  the  fumiee  as  shown,  the  gial*a  reatina  at  one  end  on  a.  brick  wall  and  at  the 


theiedinient  vns 
"  >titdidtes 


JO  that  it  did_  less 


»  they  unite  and  travcne  again  the  length  of  the  shell  through  the  passai, 

ea  at  the. ends.      The  seetinna  being  riveted  to  plain  rings,  known  as  Adamso 


NOTE.— Sic  hard  Tntllhlek,  bom  1771,  died  IS33,  was  a  noted  Ei 
engiaeer.  He  invented  the  Trevithick.  or  so  called  Comish,  boiler  and  was 
sUam  for  drawing  loads  on  railroads.    He  was  especiaUy  noted  for  his  inv< 

water  iiressure  engine  (ISOO),  a  steam  toad  carriage  (1801);  improved  theloc 
ating  on  rails  (l&OS);  adapted  the  steam  engine  to  minings  and  niade  nun 
engines  for  dredging,  marine  propulsion  and  other  purposes. 

NOTE. — Traellhick  bollar. — Diameter  usually  about '/«  of  the  length;  a  comsum  pro- 
portion  is  3fl  to  40  feet  in  length  and  from  6  to  7  feet  in  diameter.  Steam  presaun  from  IS 
ts  35  lbs. 
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times  its  diameter.  The  expanaon  of  the  fiao,  which  is  greater  than  that 
of  the  shell,  caused  trouble^  making  it  necessary  to  introduce  expansion 
joints  as  shown  in  fig.  3,S14. 

For  very  large  boilers,  the  diameter  of  the  flue  had  to  be  considerably 
increased  in  oMer  to  get  sufficient  grate  surface,  which  led  to  the  use  of 
two  flues,  their  arrangement  being  called  the  Lancashire  bailer. 

Lancashire  Boiler. — This  may  be  defined  as  a  too  furnace 
Trevithick  boiler.  It  was  constructed  to  adapt  the  Trevithick 
boiler  to  larger  sizes  by  providing  additional  grate  area  and  yet 
not  increasing  the  length  of  the  boiler. 


Pic.  3.616. — GRllowBy  flue,  /n  comlructlon  it  bu  corrugated  sides  and  ths  conical  tubs 
are  Btamertd,  thus  insuring  a  thorough  breaking  up  of  theeurrenta  of  hotgBses.  The  tubes 
are  ni»3e  conical  to  facilitate  removal  for  lepaira.  They  are  more  generally  riveted  than 
welded,  because  the  removal  of  a  tube  that  is  welded  leaves  a  lai^e  hole  m  the  flue.     Other 
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sheli  of  a  Trev- 
ithick  boiler 
exceeds  say  six 
feet  in  diam- 
eter, the  flue 
assumes  such 
large  propor- 
tions that  it 
has  to  be  made 
very  heavy  to 

quate  strength 
to  prevent  col- 
lapse.    Hence, 

width  of  grate 
can  be  secured 
by  the  use  of 
two  smaller 
flues  without 
the  risks  at- 
tending the  use 
of  one  large 
flue  the  two 
flue  arrange- 
ment ia  a  bet. 
ter     construe - 

over,  better 
combustion  is 
secured  be- 
cause the  alter- 
nate method  of 
firing  can  be 
employed.  In 
this  method, 
first  one  fur- 
nace is  fired, 
then  the  other 
with  the  result 
that  the  un- 
bumed     gases 

the  fresh  fuel 
from   one  fur- 
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o  unbumed  gi 

Ques.  What  are  the  disadvantages  of  the  Lancashire 
boUer? 

Ans.  1,  Difficulty  in  the  medium  sizes,  of  finding  adequate 
room  for  the  two  furnaces  without  unduly  increasing  the  diam- 
eter of  the  shell;  2,  low  furnaces  are  imfavorable  to  complete 
combustion,  the  comparatively  cold  crown  plates,  when  they 
are  in  contact  with  the  water  of  the  boiler,  tending  to  extinguish 
theflamesfromthefuel,  when  they  arejust  formed;  3,  then 


under  the  bottom 

^Hieaheiltot 

otter Utia.  usus 
water;  slow  steam 
power  rendering 

thence  to  chim 
e  ot  the  aheU  bet 
wer  part  of  the 

LCk  end  into  a  central  passage  which  runs 
ere  the  stream  divides  end  passes  through  the 
times  the  flues  &re  arraoged  so  that  the  gases 
inder  the  bottom,  but  this  plan  does  not  heat 
1  raising  sleam  as  fast  as  the  former.  Char- 
iiface  ratio  26:1;  adapted  to  dirty  and  impure 
pacity;  poor  circulation;  boiler  bulky  per  horse- 
.  of  muldings. 

Space  between  the  fuel  and  the  crown  does  not  admit  the  proper 
quantity  of  air  being  supplied  above  the  fuel  to  complete  the 
combustion  of  the  gases,  as  they  arise;  4,  danger  (in  very  large 
sizes)  of  collapse  of  the  flues, 

Ques.    Describe  a  "breeches  flued"  Lancashire  boiler 
and  what  Is  the  object  sought? 


SHELL  BOILERS 


Ans.  In  this  construction,  the 
two  flues  instead  of  running  the 
full  length  of  the  boiler  merge 
into  one  large  flue  which  forms 
a  combustion  chamber,  and  se- 
cures better  combustion. 

The  combustion  chamber  or  the 
breeches,  increases  the  space,  but 
the  construction  at  the  junction  of 
the  two  flues  is  weak  and  has  been 
responsible  for  many  explosions. 


Fk!S.  3.619  and  3 ,820.— Gsllowav  boiler  ahowing  breechei  and  Callaway  flues.  In  lit 
breeches  are  riveted  a  Dumber  of  conical  water  &ta.  Upering  from  about  9  inches  to  4H 
inches  diameter  which  Coims  the  distinKuisblDg  feature  of  the  Galloway  boiler.  These  flun 
which  in  conKquence  o£  the  tapb'  form  can  oe  easily  renewed  if  requtnd,  increase  the 
heating  suriace,  and  help  cinulatiOD. 

Galloway  Boiler. — A  third  modification  of  the  Trevithick 
boiler  is  the  Galloway  as  shown  in  the  accompanying  cuts.    The 

NOTE.— Both  the  Trevethick  and  Lancashire  types  on  account  of  economr  of  fuel  and 
ease  of  cleaning  out  have  been  used  extensively  in  the  mii'>ing  regions  of  Bntfand,  when  thB 
water  is  extremely  bad, 

NOTE.— r Ac  prlncipat  dtuttnttani 

uflediu  Bnaland.  are.acc<^inB  toBarr;  *Wau,,,,,  _-- — , _, .,  „„.^„, 

20  feet  to  28  feet;  20  feet  lo  30  teeti  21  feet  to  30  feet;  dlamattr  fluaa.  2  fe 
Q  inches,  2  feet  B  inchei. 
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object  sought  in  this  design  was  to  overcome  the  defects  of  the 
Lancashire  boiler  by  providing  obstruction  in  the  fiues. 

These  obstructions  or  cross  flues,  as 

shown  in  fig.  3,621  were  called  Galloway 

flues,  and  the  results  obtained  by  their 

use  were:  1 ,  multi- deflection  of  ijie  hot 

!  intimate  mixture 

^'vui^  better  combustion;  2, 
leatmg  surface,  and  3,  bet- 
ter circulation. 

The  improved  circulation  reduced 
the  difference  of  temperatures  in  the 
upper  and  lower  parts  of  the  boiler, 
thus  overcoming  a  serious  objection  to  ■ 
the  Lancashire  boiler. 

There  are  two  forms  of  Galloway 
bbilers,  the  one  having  two  distinct 
flues,  and  the  other  a  oreeches  fined 
arrangement  similar  to  the  Lancashire 
type,  but  w 
with  Galloway  flues. 

owny  flue  is  tapered  to  permit  tht,  lower 

flimse  bmg  inserted  in  the  ™jer  opening 

to  BBt  tba  fluainto  place.     Many  malteia  Varttral       rtr       **ITtM'liil»t" 

insert  cylindrical  pipea  and  weld  them  to  Vertical      OF  UpTIgllT 

the  flue.    Figs.  S.alB  and  3,620  show  ar- 
rangement of Gallowe    "^      '    "    ' 


ihBtoSSi^  Boiler. — Where   floor  space  is 


Figs.  3,922  and  3.823 

agaimt  colbpse,  ia  addition 
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valuable  and  there  is  siifficient  height ,  a  vertical  boiler  is  generally 
used.  In  early  times  this  boiler  had  only  a  single  flue,  and  then 
additional  flues  were  added  gradually  increasing  the  heating 
surface  until  the  modem  tubular  form  was  reached.  In  this 
form  nearly  all  the  members  are  of  cylindrical  shape  and  arranged 
vertically,  the  gases  passing  direct  from  the  fiunace  through  the 
tubes  to  the  stack.  Vertical  boilers  may  be  divided  into  two 
"""""'   types,  with  respect  to  the  tubes: 

1.  Through  tube 

2.  Submetged  tube. 

Ques.  Describe  a  through 
tube  vertical  boiler? 

Ans.     An  outer   cylindrical 

shell  encloses  the  water  and 
steam  space.  Within  this 
shell  is  a  smaller  cylinder 
extending  about  one-third 
way  up  which  forms  the 
furnace  and  combustion  cham- 
ber and  ash  pit.  The  cylind- 
rical furnace  is  flanged  out  at 

NOTE.— rArouffh  lube  vertical  Ml^r. 

of  tSs  tree  of  bo[l«.  The  trouble  is  vM 
vith  the  boiler  but  with  the  critics.  The 
bad  reputation  of  this  boiler  is  due  to  ignor- 

hlehest  practical  level.  In  eetting  up  steam 
the  boiler  should  be  entirely  filled  with  wat*r 

level.  The  author  operated  a  6'X9' verticiS 
marine  boiler  in  this  way  several  seasons  and 

2.4pa,  is  shown  tlie  author's  separating^l- 

—  nially  high  waterfevel  in  through  tube  vertical 

boilers.  .:4nn('wr  reason  for  carrying  high 
water  level  is  because  thg  healing  surface  in 
eoMiia  mlktiit  water  ii  mart  tficimt  Ihttn  that 
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the  bottom  until  it  meets  the  outer  shell,  dispensing  in  this  way, 
with  a  lower  head.  In  one  side  it  flanges  to  the  shell  to  form  an 
opening  for  furnace  door;  the  top  is  fiat  and  into  which  are 

.     expanded   a    multiplicity 

of  vertical  tubes,  the  up- 
per end  of  which  are  ex- 
panded into  a  similar  flat 
surface  at  the  top  of  the 
shell.  These  flat  surfaces 
are  called  respectively  the 
lower  and  upper  tube 
sheets. 

The  cylindrical  furnace  is 
stayed  to  the  outer  shell  by 
a  proper  number  of  stay 
bolts,  thus  strengthening  it 
against  collapse.  The  devel- 
opment and  construction  of 
vertical  boilers  is  shown  in 
the  accompanying  iUustra- 

Ques.  What  are  the 
defects  of  vertical 
boilers  as  ordinarily 
constructed? 

Ans.    Poor  circulation, 

liability  to  foam,  tubular 

heating    surface     above 

water  line  inefficient,  less 

economical     than    other 

types,   liability    to    bimi 

I  upper  ends  of  tubes  by 

Fig.  3,632,-5maii   orfioaty  ,ubmerf«i    lubt      ignorant  handling;   Small 

4to eohoisepol™'. '"''^'  "  '™''*  "  ""' '""      stcam  space,  lower   tube 
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steet  inaccessible  for  cleaning,  greater  risk  of  explosion  due  to 
sediment  on  lower  tube  sheet. 


Submerged  Tubes. — Frequently  vertical  boilers  are  con- 
structed with  submerged  tubes,  that  is  the  top  head  of  the  shell 
is  riveted  to  a  conical  shaped  submerging  chamber  of  sufficient 
depth  that  the  upper  tube  sheet  attached  to  its  lower  flange  is 
below  the  water  level. 

The  author  objects  to  this  construction  because  with  proper  management 
it  is  not  necessary  and  moreover,  it  complicates  the  construction  and  renders 
the  upper  tube  sheet  leas  accessible. 


«r«ht.T°hisboil«« 

«■! 

slwU  mad 

^isTr,.;st3 

Wn^n"" 

d  aiound  it£  exterior 
heuppetheadispart 

uaUy  made  of  copper 

he 

ubea  aie  ui 

tioa  pioiK 
id  tnicki. 
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If  the  boiler  be  full  of  water  in.  raising  steam,  and  carried  at  the  proper 
level  during  operation  there  will  be  no  trouble  with  the  tubes,  as  has  been 
demonstrated  by  the  author's  experience  with  this  type  of  boiler. 

Ques.    What  should  be  insisted  upon  in  ordering  a 
vertical  boiler,  and  why? 

Ans.     The  steam  outlet  should  be  provided  with  a  circular 
dry  pipe  extending  around  the  tubes  so  that  the  water  may  be 

DR' 


FiC-  3,634. — Author's  dry  pipe  arranged  to  collect  steam  around  the  entire  circumference  frf 

lA  the  heating  surface  while  insuring  dry  or  practically  dry  steam  and  pmtectioa  for  priming 
on  sudden  heavy  demand  for  steam. 

carried  at  proper  height  to  protect  the  tubes  and  yet  obtain 
dry  steam. 
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Locomotive  Boilers. — ^These  boilers  are  of  cylindrical  form 
through  most  of  the  length  of  the  shell,  and  in  the  tubes,  while 
the  furnace  and  forward  portion  of  the  shell  are  constructed  in 
box  form.  The  tubes  are  arranged  horizontally  and  the  gases 
pass  directly  from  the  furnace  in  the  front  through  the  tubes  to 
the  rear  of  the  boiler  and  to  the  smoke  stack.  The  principal 
parts  of  a  locomotive  boiler  are: 

1 .  The  shell ,  consisting  of 
two  parts,  a  cylindrical  one 
in  wake  of  the  tubes  and  the 
front  part  with  roiinded  top 
on  a  box  shaped  lower  half. 

2.  The  furnace  and  com- 
bustion chamber,  with  the 
grate  in  the  open  bottom, 
opening  through  the  water 
space  at  the  front,  with  the 
furnace  door .  It  is  separated 
from  the  shell  end  the  heads 
by  water  spacer.  The  sides 
and  the  sometimes  flat ,  some- 
times rounded,  top  require 
staying  to  a  large  extent. 
The  sides,  at  the  bottom,  are 
sometimes  flanged  to  the  shell 
and  heads,  and  sometimes 
connected  to  them  by  a  soUd, 
forged  ring  of  the  thickness 
of  the  water  space. 

3.  Cylindrical  tubes  in 
lar^e  number  and  relatively 
small  diameter,  which  con- 
nect the  furnace  to  the  rear 
he^d  of  the  shell. 

Pigs.  3.«36  and  3,636.— Edward  Field  "drop  tube"  boiler  and  detail  of  tube.  This  is  a  combina- 
tion shell  and  water  tube  boiler.  In  construction,  a  large  number  of  tubes  are  expanded 
into  the  tube  sheet  as  shown  being  closed  at  the  lower  end  and  openmg  at  the  upper  end 
into  the  water  space.  "Within  each  tube  is  another  tube  open  at  both  ends  as  shown  m  fig. 
3,636.  It  is  so  suspended  that  a  rapid  circulation  takes  place,  the  steam  and  heated  water 
rising  in  the  outer  tube,  and  the  relatively  colder  (and  heavier)  water  descending  m  the  mner 
tube  as  indicated  by  the  arms.  The  upper  end  of  the  inner  tubes  are  flared  to  promote 
circulation.  This  boiler,  according  to  one  maker  requires  clean  feed  water,  is  rather  heavy 
and  expensive,  but  safe  and  easily  cared  for. 
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4.  Front  and  back  heads  to  complete  water  and  steam  space;  also  a 
sheet,  called  the  throat  sheet,  connectmg  the  cylindrical  shell  at  the  bottom 
to  the  box  portion. 

Ques.    What  are  the  chief  differences  in  locomotive 
boilers? 

Ans.    They  vary  mostly  in  the  shape  of  the  ftimace  and  the 
location  of  the  grate;  they  are  either  straight  or  wagon  top. 

Ques.    Describe  the  wagon  top  construction. 


-  I    OOOOQ 
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Figs.  3,637  and  3,638.-7-Semi-portable  locomotive  boiler  for  stationary  service.  In  con- 
Btruction,  the  fire  box  is  surrounded  by  a  water  space  of  3  or  4  inches.  The  use  of  flat  plates 
subject  to  pressure  makes  it  necessary  to  stay  the  surfaces  of  the  furnace  and  this  is  done  at 
the  sides  and  back  by  means  of  staybolts  and  on  top  by  crown  bars  and  radial  stays  which 
run  to  the  outer  shell.  The  back  end  above  the  tubes  is  supported  b3r  diagonal  stays  to  the 
<:ylindrical  shell  of  the  boiler.  The  space  at  the  sides  of  the  furnace  is  called  the  water  leg 
and  in  some  cases,  but  not  usually,  this  water  space  is  carried  beneath  the  fire  box.  On 
account  of  the  small  space  between  the  water  line  and  the  boiler  shell,  it  is  usual  to  place  a 
dome  on  the  boiler,  as  the  steani  is  thus  much  drier.  This  boiler  requires  no  setting  and  is, 
'therefore,  well  adapted  for  semi-,  or  portable  use.  It  is  often  used  in  saw  mills  and  for 
temporary  installations  on  excavation  work,  and  while  not  as  economical  as  a  boiler  where  a 
combustion  chamber  can  be  used,  it  gives  lairly  good  economy,  with  cheap  construction. 
It  has  a  large  amoimt  of  heating  sturface  in  i>roportion  to  the  size  of  the  boiler,  and  the  power 
is,  therefore,  large  for  its  weight  and  for  the  space  occupied. 


Ans.  The  boiler  has  a  cone-shaped  portion  thus  making  the 
boiler  of  larger  diameter  at  the  furnace  end  than  at  the  smoke 
stack  end. 

The  object  of  this  construction  is  to  give  more  steam  space,  but  the 
increase  in  size  of  boilers  has  raised  the  top  so  high  above  the  rails  that  the 
wagon  top  is  not  now  used  as  extensively  as  the  straight  top. 
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Ques.  For  what  service  are  locomotive  boilers  some- 
tlmes  used  o^er  than  locomotive  work? 

Ans,    Stationary  and  marine  service. 

1  locomotive  boilers  will  be  found  in 

Marine  Boilers. — -There  is  a  multiplicity  of  types  of  marine 
boiler  due  to  the  great  variety  of  steam  propelled  vessels,  the 
large  range  of  steam  pressures  and  various  kinds  of  fuel  employed . 

Stationary  and  locomotive  boilers  have  been  modified  in  design 


id  8,640. — Moriiw  tyi>e  of  locomotive  boiler  with  diy  bottom  £re  \jo\. 


and  used  for  marine  service  as  well  as  the  distinctively  marine 
types. 

Of  the  "borrowed  types"  the  vertical  or  upright  boiler  finds  its  use  on 
boato  of  smaller  size.  It  has  the  advantages  of  taking  up  the  least  floor 
space  and  is  cheapest  in  construction,  and  the  faults  of  being  the  least 
^cient  and  having  a  high  center  of  gravity. 

There  are,  of  course,  vast  differences  in  the  various  ways  it  is  manufac- 
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The  cylindrical  return  tubular  boiler  is  the  easiest  boiler  to  keep 
clean,  but  on  account  of  the  limited  grate  area  and  diameter  of  furnace, 
not  very  efficient  for  the  amount  of  metal  used  in  its  construction. 

Where  more  than  one  furnace  is  used  the  efficiency  rises,  but  even  with 
three  or  four,  it  does  not  stand  comparison  with  the  square  base  boiler, 
taken  pound  tor  pound.  It  is  by  far  the  plainest  and  safest  boiler,  and 
can  be  made  for  a  steam  pressure  of  200  pounds  or  more. 


Fig.  3.M1.— Through  (sometimes  tailed  "flush"),  tube  vertical  marine  boiler.    This  boilefja 

WBlers  of  the  United  Stale;,  eicepting  on  steamers  navirating  the  Red  river  of  the  North 

This  form  of  boiler  b  "borrowed"  from  the  stationary  type  and  by  eomparing  it  with  fie. 
3,631.  it  will  be  seen  that  its  diameter  has  been  increasedan  1  height  lowered,  also  b  much 
larger  number  of  tubes  are  used,  thus  lowering  the  center  o£  gravity  and  increasing  the  heat- 
ing surface  per  pound  weight — two  features  of  importance  for  marine  service.  The  type 
bne  shown  has  a  corrugated  furnace  instead  of  the  usual  stayed  coDGtmction. 

Ques.    What  are  the  distinctive  features  of  a  Scotch 
boiler? 
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Ans.    It  is  essentially  a  high  pressure  boiler,  and  has  for  this 
reason,  most  of  the  important  members  in  cylindrical  shape. 
They  are  all  arranged  horizontally.    The  gases  pass  to  the  back 
and  are  returned  to  the  front  for  discharge 
The  important  parts  of  a  Scotch  boiler  are: 


Plcs.3,fM2aiidS,613. Chat.P.  Willard    Bubmeured  tube  vertical  msrine  t 

boats  me  to  be  used  in  waten  under  U.  S.  msiineGuperyiEioo  it  will  be  neo 


„„jii  ciinsrvULon  it  will  be  necesaan       ' 

Jiem  built  in  every  respect  in  confjrmity  with  U.  _. .        , ^ 

ether  things,  that  vertical  boilen  used  oa  stesmera  navi^tinE  the  Red  nver  oi  the  North. 

waters  tributary  to  such  rivers.  bibjI  have  tubmerged  lubti.  This  construction  enables  a 
boat  to  go  into  any  waters,  whereas.the  through  tube  design,  sbonn  in  fig.  3,M1,  is  excluded 
bom  the  waters  just  mentioned. 

1.  Cylindrical  shell,  which  encloses  the  steam  and  water  space. 

2.  1, 2,  3,  or  4  cylindrical  furnaces  that  provide  room  for  the  grate. 

The  grate  divides  the  furnaces  into  the  space  for  the  gaeea  above  end  into 

3.  Tubes  in  large  mmiber,  above  and  parallel  to  the  furnaces.    These 
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Ques.  In  what 
special  form  is  the 
Scotch  boiler  con- 
structed P 

Ans.  It  may  be 
single  ended  or  double 
ended.  In  the  latter 
case  it  has  combus- 
tion chambers  com- 
mou  to  either  end,  or 
else  separate. 

As  &  usual  thing, 
Scotch  boilers  ara  large 
in  diameter  to  accom- 
modate furnaces  and 
return  tubes  all  in  one 
end;  forGpecialuses,as 
where  head  room  is 
limited,  a  form  known 
as  the  gun  boat  boiler 
is  built. 


|i|  Oues.  What  is 
|"-;j  the  difference  be- 
lli tween  a  Clyde  and 
III  a  Scotch  marine 
l^g  boiler? 

is^  Ans.      The    Qyde 

gig  boiler  resembles  the 

S^l  Scotch  type  but  has 

T|J  a    removable    back 

§1  lined  with  asbestos  or 

"H  tile  instead  of  a  water 

£-*'  space    at    the    back 
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end  of  the  combustion  chamber  as  shown  in  figs.  3,648  and 
3,649. 


CS3 


Fios.  S,6M  to  S.6E6. — Rces  locomotive  typs  marine  boiler  nth  mud  dnun.  low  deiicii  tor 
WitAm  river  steunen.  Pie-  3,054,  toTLBHtudinal  section^  fig.  3,656.  cnaa  Bcction  through 
funiace;  fig.  3,868,  fnnt  eDdvieiT  with  smoke  door  removed  Bhairing  tubei. 
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Ques.  What  are  the  distinctive  features  of  the  leg, 
or  flue  and  return  tube  boiler? 

/  Ans.  It  is  of  cylindrical  shape  in  that  part  of  the  shell  con- 
taining the  flues  and  tubes,  while  the  one  or  more  furnaces  axe 
similar  to  that  in  the  locomotive  boiler. 

The  one  or  more  combustion  chambers  are  similar  to  those  of 
the  Scotch  boiler.  The  flues  and  tubes  are  arranged  horizontally 
and  the  gases  pass  to  the  rear,  being  rettimed  to  the  front  into 


FiQ.  3,6S7.— Rec! 


an  uptake  chamber,  frequently  built  into  the  boiler.    Around  this 
uptake  is  often  a  vertical,  cylindrical   extension  of  the  steam 
space,  which  acts  as  a  super-heater  and  steam  drier. 
The  general  construction  is  shown  in  figs.  3,652  and  3,653. 


river  type  boats,  the  platin? 
lized  foT  better  ^Reservation. 
;hullplatina.     The  practice 
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CHAPTER    65 


WATER  TUBE  BOILERS 


i3k«w 


The  essential  difference  between  a  water  tube  boiler  and  a 

shell  or  fire  tube  boiler  is  that  the  water 
is  inside  the  tubes  instead  of  outside. 


In  this  way,  the  water  is  divided  into  a  large 
number  of  coltimns  of  small  diameter,  each  en- 
tirely stuTOunded  by  heating  surface,  thus  the 
generation  of  steam  is  very  rapid. 

The  circulation  is  positive,  being  governed 
by  the  arrangement  of  the  tubes,  and  the  amount 
of  water  contained  in  the  boiler  is  small  as  com- 
pared to  the  shell  boiler  of  equal  horse  power. 
These  features  render  the  boiler  very  sensitive 
to  changes  in  furnace  and  load  conditions,  that 
is,  it  has  not  so  great  reserve  capacity  as  the 
shell  types,  and  while  steam  can  be  raised 
quickly,  a  sudden  call  for  power  will  often 
result  in  a  temporary  drop  in  pressure,  while  if 
the  load  be  suddenly  removed,  the  pressure  will 
quickly  rise  and  the  safety  valve  blow  before 
the  fires  can  be  checked. 


Types  of  Water   Tube   Boilers. — 

There    is    a    great    variety    of    water 


FiG.3,658. — ^The  first  water  tube 
boiler.  Built  by  John  Blak- 
eley;  patented  1766.  It  con^ 
aisted  oft  three  water  pipes 
inclined  alternately,  con- 
nected at  the  ends  by  bent 
tubes  so  that  the  steam 
formed  in  the  boiler  rises  to 
the  upper  i>art  to  supply  the 
engine. 


NOTE. — ^The  term  tube,  is  here  (because  of  common  usage)  loosely  used.  It  should  be 
understood  that  the  heating  surface  may  be  composed  either  of  tubes  expanded  into  headers, 
or  pipes,  with  threaded  ends. 
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tube  boilers  adapting  them  to  any  kind  of  service — stationary, 
locomotive,  and  marine. 

A  classification  to  be  comprehensive  should  group  the  boilers 
with  respect  to  several  points  of  view.  Accordingly,  water  tube 
boilers  may  be  classed: 

1.    JVith  respect  to  the  grouping  of  the  tubes,  as 

a.  Non-sectional. 

b.  Sectional. 


Figs.  3,659  and  3,660. — Serle*  connection,  showing  electric  chry  cells  connected  in  series  and 

.  arrangement  of  pii>es  joined  by  return  bends. 

2.  With  respect  to  the  heating  surface,  as 

a.  Tube. 

b.  Pipe. 

3.  With  respect  to  the  shape  of  the  tubes  or  pipes  . 

a.  Straight. 

b.  Ctirved. 

c.  Coiled. 

d.  Closed  (porcupine). 


WATER  TUBE  BOILERS 


4,     With  respect  to  the  arrangement  or  assembly  of  the  heat- 
ing surface,  as 


b.  AUinparaUel.* 

c.  Sections  in  series. 

d.  Sections  in  parallel. 

e.  Sections  in  series  parallel. 


6.    With  respect  to  position  of  the  tubes,  as 


a.  Horizontal. 

b.  Inclined. 

c.  Vertical. 


6.    With  respect  to  circulation  features,  as 


NOTE. — The  Uttsb  teritt  snd  paratlat  are  here  used  nith  their electfical  significaoa.  that 
ii.  ju9t  as  a  aumber  of  electric  cells  are  connected  up  to  form  a  battery,  a  number  of  pipe 
lengths  joined  end  to  end  like  the  links  of  a  chain  are  connected  in  series-,  if  they  be  joined  to 
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Up  flow. 

Down  flow. 

Over  discharge  (priming  tube). 

Under  disch^Be  (drowned  tube) . 

Directed  flow  (double  tube) . 


7.     With  respect  to  combustion  features 


Direct  draught. 
Baffled  draught. 
Down  draught. 
Water  tube  grate 


1.  3,683  and  3,864.— Gumey's  bo 
1  cotutrucllon,  a  number  of  U  ill 
rger  horiionUl  pipta.    Thse  wen 


d  by  DanoE  (182S)  shoving  titUa  gnU. 


Clearly  other  divisions  may  be  added,  as  for  instance,  with 
respect  to  the  kind  of  furnace-,  jacket,  etc.,  but  the  above  is 
ample  for  a  general  consideration  of  the  subject. 

Essential  Parts. — Any  water  tube  boiler,  no  maoter  how 
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complex  may  be  its  construction,  is  made  up  of  the  following 
principal  members: 

1.  Steam  and  water  drum, 

2.  Down  flow  tubes. 

3.  Up  flow  tubes. 

4.  Mud  drum  {or  header). 

5.  Feed  water  heater. 

6.  Super-heater. 

7.  Grite. 


These  are  assembled  together  mto  one  unit  by  means  of  suit- 
able fittings  and  connections,  and  the  assembly  placed  in  an 
insulating  casing  containing  the  furnace. 


Elementary  Water  Tube  Boiler. — The  various  parts  com- 
prisii^  a  water  tube  boiler,  as  just  mentioned  are  shown 
assembled  in  the  elementary  diagram  fig.  3,667. 
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*  n't    s 

I  •^^  I 

I  liil 

I  III  I 
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The  water  in  the  drum  D,  and  down  flow  pipe  E,  which  is  not  as  hot  as 
that  in  the  up  flow  pipes,  and  therefore  denser  or  heavier,  flows  by  virtue 
of  its  excess  weight  downward  through  the  down  flow  pipe  to  the  mud  drum 
F,  thence  through  the  up  flow  tubes,  entering  the  drum  again  at  H. 

As  the  water  traverses  the  up  flow  tubes  a  multiplicity  of  steam  globules 
are  formed  thus  greatly  increasing  the  ineauality  in  weight  of  the  ascending 
stream  in  the  up  flow  tubes  and  the  descending  stream  in  the  down  flow  pipe, 
hence  a  rapid  circulation  is  produced  as  indicated  by  the  arrows.  .Because 


Tig.  3, 668 .—Circulation  prineipiet:    1,  illtistrating  up  flow. 


of  this  rapid  circulation,  any  impurities  in  the  water  are  deposited  by 
centrifugal  force  in  the  bottom  of  the  mud  drum.  This  force  is  made 
available  by  suddenly  changing  the  direction  of  flow  at  the  mud  drum. 

With  scale  forming  waters,  a  considerable  deposit  takes  place  in  the  feed 
water  heater  section  of  the  boiler,  sometimes  these  tubes  become  almost 
entirely  choked  up  with  scale,  necessitating  renewal. 

At  the  top  of  the  drtim  is  a  dry  pipe  I,  by  means  of  which  steam  is  drawn 
from  the  drum  along  its  entire  length  rather  than  in  one  spot,  thus  priming 
is  reduced  to  a  minimum. 

There  are  two  outlets  to  the  dry  pipe:  one  J,  direct,  and  the  other  K, 
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connected  to  the  super-heater  L,  which  terminates  at  the  main  outlet  M, 
of  the  boiler. 

Steam,  in  passing  from  the  dry  pipe,  is  super-heated  to  any  degree 
required  as  governed  by  the  size  and  position  of  the  super-heater. 

The  super-heater  being  exposed  to  the  hot  gases  from  the  furnace, 
becomes  very  hot  when  there  is  no  demand  for  steam,  dangerously  so  in 
some  types ,  and  to  prevent  overheating,  a  by  pass  N ,  is  sometimes  arranged, 
as  shown,  so  that  water  mav  be  admitted  from  the  drum  and  the  super- 


FiG.  3,669. — Circulation  principle;  2,  illustrating  aown  flow. 

heater  flooded  when  the  main  valve  is  closed.    The  super-heater  is  cleared 
of  water  on  resuming  operation  by  means  of  a  bleeder  O. 

In  the  diagram  (fig.  3,667),  the  parts  are  so  arranged  that  all  are  visible 
for  clearness,  but  in  practice  the  elements  comprising  the  boiler  are  arranged 
so  that  each  is  placed  in  such  a  position  relative  to  the  furnace  as  experience 
shows  is  best,  and  that  will  give  a  compact  assembly. 


Non-Sectional    Boilers. — This    type    of    boiler     consists 
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essentially  of  a  mass  of  tubes  expanded  in  parallel  to  two  headers 
which  connect  with  the  ends  of  the  drum,  as  in  fig.  3,673. 
There  are  many  arrangements ,  for  instance,  a  transverse  drum  may 


Figs.  3,070  and  3.671. ^ClrculaHon  prlntlpltt!  III.  {llustiatiDs  unda 
tabe). and atcrdischarie^fititninB tube).  lathe  UttermethodTbaffle  j 
protect  tlie  outlet  from  spray  especially  In  the  absence  of  a  dry  pipe. 


Flii.3,672.— CTrcuIattonprrncipies.-  lV,iUiistratinsdi>ft;fci(;low  (due  to  Field>.  In  the  I 
drop  tube  and  Gometimea  in  the  so  called  "pqicupine"  type  boiler  the  besting  surfsi 
(ompOMd  »l  tubes  closed  at  one  end  and  the  circulation  directed"  by  means  of  a  smi 
inoer  tube  thiousb  which  the  relatively  cold  water  flows  and  returns  through  the  larger  I 
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be  used  attached  longitudinally  to  one  header  (as  in  the  Ward 
boiler)  and  return  tubes  leading  back  for  the  other  header  shown 

in  diagrani  fig.  3,674. 

Ques.    What  are  the  advantates  of  these  boilers? 

Ans.     Since  all  the  tubes  are  accessible  for  internal  cleaning, 
they  may  be  used  with  waters  of  such  degree  of  impurity  as 


Fic, 3,673, — ElemenUiy  non-sectional  boiler  with  lonaitudiDftl  drum  contbtlnt   of  ilrum, 
tvio  htadets  or  waltr  legs  and  mats  aj  Jk6u  in  parallml- 

would  preclude  the  use  of  other  types.    Straight  tubes  are  more 
easily  olitained  than  the  curved  variety. 

Sectional  Boilers. — Instead  of  connecting  all  th§  heating 
surface  in  parallel  to  two  headers  as  in  the  non-sectional  boUer, 
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it  is  sometimes  divided  into  a  number  of  sections  or  miits  each 
consisting  of  1 ,  a  few  tubes  expanded  in  parallel  to  small  headers, 
or  2,  a  few  pipes  joined  in  series  by  return  bends.  Bach  of 
these  sections  is  joined  to  a  manifold  or  common  passage  leading 
to  the  drum.  The  essential  features  of  each  type  are  shown  in 
the  elementary  diagrams,  figures  3,675  and  3,676. 


FtC.  3.674. — Blenentaiy  mm-sectional  boiler  with  tiaosveiu  dram,  nod  ntura  tubes,  ^nc 
only  one  header  is  coiuiected  to  the  drum  evidently  some  metuu  tu  completing  tbe  pstb  fc 
drculatioo  muit  be  provided,  bonce  the  ntuio  tubes. 


Ques.    Mention  an  important  point  that  should  be 
noted  with  respect  to  boiler  tubes  in  parallel  and  in  series. 

Ans.    In  the  parallel  arrangement  all  the  tubes  are  accessible 
iot  cleaning  adapting  the  boiler  to  the  use  of  impure  feed  water, 
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Pic.  3,876.  — ET 

parallel    aectioi 
showing    mamf 


FiC.  8.878.— me. 
I  boiU.i 
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Ans.  The  sectional  boiler  can  be  more  easily  transported 
than  the  non-sectional  type  over  difficult  routes  because  it  can  be 
knocked  down  into  a  niimber  of  comparative  light  units.  The 
sectional  construction  avoids  the  tise  of  stay  bolts . 


Pig.  3,679 — Combustion  principles,  illustrating  down  draught.  Here,  coal  is  placed  on  a 
supplementary  furnace,  and  air  admitted  from  the  top.  In  operation,  the  cold  air  and  cool 
distilled  gases  pass  together  dovvn  through  the  hot  coke,  and  if  the  air  supply  be  sufficient  the 
gases  wiu  be  tnoroughly  bum3d  and  smoke  will  be  prevented.  To  prevent  the  burning  out 
of  the  grate  bars  they  are  made  of  water  tubes,  forming  part  of  the  heating  surface  of  the 
boiler. 

iPipe  Boilers. — Ordinary  wrought  iron  pipe  and  malleable 
fittings # are  extensively  used  in  water  tube  boiler  construction, 
being  adapted  especially  to  the  sectional  series  arrangement. 

— z «* 

NOTE. — ^In  the  selection  of  a  Pipe  Boiler,  points  to  be  noted  are:  1,  Accessibility  for 
repairs  especially  the  location  of  the  r  and  I  connections  which  have  to  be  reached  to  remove 
sections;  2,  special  fittings  (these  are  preferably  avoided  in  design,  especially,  for  boilers  used 
in  remote  places  because  of  delay  in  sending  to  factory  for  new  parts  in  cas^  of  repairs;  3, 
provision  for  cleaning;  4,  construction  of  casmg;  6,  mud  drum  and  blow  off;  6,  lifting  ring  fox 
connection  to  hoist  tackle  in  installing. 
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FtG.  3,B«I.— Roberto  outer  tube  hollar  con 
Btnictad  of  open  hearth  steel  and  the  heads 
shown.    The  upper  small  hole  is  tb 
onea  connect  to  the  feed  OHla. 

ALTERNATE  CONNECTIONS    IN  nQIIM  Pna 


tr  connecting  nipples  tc 
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The  pipe  used  is  made  in  sizes  acx^ording  to  the  Briggs  standard 
and  are  listed  according  to  the  nominal  inside  diameter  rather 
than  the  actual  diameter,  there  being  considerable  difference, 
especially  in  the  smaller  sizes. 

The  Briggs  thread  is  a  taper  thread  and  a  tight  joint  is  made  by  screwing 
the  pipe  into  the  fitting  until  a  very  firm  connection  is  secured. 


One.  of  the  earliest  and  at  present  prominent  make  of  pipe 

boiler  is  the  Roberts, 
which  is  a  good  ex- 
ample of  pipe  boiler. 

It  is  built  up  in  sections, 
each  section  being  com- 
posed of  a  few  lengths 
of  pipe  connected  in  series 
by  return  bends.  The 
lower  end  of  each  section 
is  connected  by  a  right 
and  left  long  nipple  to  a 
bottom  header  or  side  pipe , 
and  the  upper  end  by  a 
short  right  and  left  nipple 
to  the  drum  as  shown  in 
fig.  3,684  the  left  handed 
tkread  connection  being 
in  the  side  pipe  and  drum. 
The  figure  shows  two  sec- 
tions in  position  and  the 
large  connecting  pipes 
between  the  side  pipes 
and  drum,  the  assem- 
bling of  connecting  or  down 

Pig.  3,682. — Ward  Field  or  double  drop  tube  boiler  (round  type).  D.  is  a  circular  drum 
into  which  the  "downcomers"  are  tapped.  Into  the  conical  bottom  of  tne  drum  D ,  a  number 
o£  straight  Field  tubes  are  secured,  the  ends  being  closed  by  cai>s,  and  the  inner  ends  by 
tight  fitting  plugs  in  which  are  two  small  holes.  Into  each  hole  is  fitted  a  small  brass  tube 
open  at  both  ends,  one  tube  extending  inside  of  the  hanging  tube  to  within  an  inch  of  the 
bottom,  and  the  other  and  shorter  one  projecting  about  4  inches  into  the  drum.  Around 
the  inside  of  the  drum,  an  inclined  diaphragm  P,  is  fitted  below  the  openings  of  the  lower 
row  of  vertical  tubes.  This  diaphragm  se^rates  the  main  generating  tubes  from  the  down- 
-comers.  By  means  of  the  internal  feed  pipe  not  shown,  the  feed  water  is  deliver^  to  the 
lower  row  of  tubes,  going  thence  to  the  manifold  and  returning  to  the  drum  by  the  tubes 
that  enter  highest.  From  the  drum  the  water  goes  down  the  long  brass  tube  inside  T. 
vehere  steam  is  formed  which  returns  to  drum  through  the  short  brass  tube. 
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flow  pipes  and  side  pipes  also  serves  as  a  frame  which  holds  the  part  rigid 

Vig.  3,685  shows  boiler  complete  without  case.  As  shown  the  two  pipe 
sections  on  either  side  of  the  drum  form  the  feed  water  heater,  being  con- 
nected in  parallel  series.  The  sjiperheater  conasta  of  two  sections  located 
on  the  sides  and  extending  down  to  the  fire  brick. 

Ques.    What  are  the  features  of  pipe  boilers? 


J  of  the  drum  (bb  shown  in 

BS  through  the  jac1«t  about  on 


^^»w_..  ....  .  , 

ins  each  horizontal  1a.ya  of  pipes  progressively  from  top  to  bottom  of  the  coili 
di^vered  into  the  drum  thmu^  the  discharge  (fed  tee  ahobt  Ike  water  line.  II 
imhnna  fhm  vra-tfT  Mnm  in  Tutrmit  nnu  Kt^HiC,  which     may  form  in  Ihfl  Coil  tO  113 ... 

water  level.    The  down  fl™  □£  water  through  tl 


letween  the  temperaturs  of  the 
oth  coils  deliver  into  the  head  of  I 
"  £^t7o''r  "^ 


(eif  thofeed  ei 

The  aon  pipes  ai 


Ans.  The  material  of  which  they  are  constructed  is  cheap 
and  easily  obtained  anywhere  in  case  of  repairs.  They  can  be 
shipped  knocked  down,  facilitating  transportation  over  difficult 
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routes,  and  are  easily  assembled  by  any  pipe  fitter  of  ordinary 
intelligence;  high  steam  pressure  may  be  safely  carried. 

Ques.    Wha%  are  pipe  boilers  largely  used? 

Ans.     In  marine  service. 


Fm.  a,68*.— Rofcertt  ualer  tube  bolter  nuulrucllani 
mllmand  bearing  ban  {jar  irnlc)  in  tmii'  ~~  ' 
left  hand  threida.  and  the  coila  being  ccmni 

irithout  disturbing  the  othera.    InaJlboiU.    . . 

run  to  center,  the  opposite  coib  meeting  same  in  the  center  of  the  boiler. 


and  i  nipples 

these 

ip  oow  coils  only 
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MAIN  StfeAM  OUTLET 


Pic.  a,aB5.— Roborla  aatmr  lube  bolter  contlructloai   6,  boiUr  compUU  taett  jatktt  or 

casing.  The  uiBular  pipe  at  the  upper  reir  end  leads  from  ths  dry  pipe,  inside  tba  dium, 
thimiffh  th«  superheater  coil  (marked  '^heater''  ia  above  illustration);  thence  tbrouffh  the 
fiser  at  the  f nmt  lo  a  bull  head  tee  (m  front  of  the  drum)  which  is  the  main  Btekm  eut  uul 
'      with  the  other  superheater  coil  which  is  on  the  cqipoute  nde  of  the  bnler 


■jl  the  one  eiplained,  Bidept  it  takes  the  Bteam  from  the  d^  pipe  Bt  the  f  font  end 
=r.  The  fire  brick  shown  on  the  sides  are  not  so  thick  but  that  thnr  leave  niffidb 
r  the  jacket  to  enter  the  anale  iron.  They  are  also  hollow  for  li^itneD,  wnchii 
i  as  much  as  ordinary  fire  brick  of  equal  8i«.    The  tee  pro jectina  in  fmotoi  tb«  dm 

;hEteedwaterinlet.    The  water  column  is  connected  by  r  and  fnitvles.   Tholowe 

portion  of  the  down  flow  pipes  are  small  pockets,  each  being  jnvvided  with  a  blow  off  val< 
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Pig.  3 ,686.—EobtrtM  ax 

or  eatlua,  riiowing  ir. , ,    — , __.^ , 

Every  section  of  the  jacket  is  filled  in  with  ma«neaia  or  asbestos  IJi  inches  thick.  The 
vertical  rows  of  tap  bolts  at  each  edge  of  the  front  are  tapped  into  tlio  ends  of  the  side 
sections;  the  back  section  is  fastened  in  the  Esme  way.    fiy  taking  out  these  bolts  after 

.  iBmoving  the  top.  the  front  and  back  and  two  sides  may  be  lifted  out.  The  circulatioii  at 
the  Robots  Boiler  is  claimed  to  bo  perfect  and  veiy  rapid,  the  boiler  being  so  desjsned  that 
the  hottest  water?  come  in  contact  with  the  hottest  gases  and  the  tail  end  gaso  corns  in 
contact  with  the  cold  vrater  in  the  feed  coils,  resulting  in  tow  stack  temperaturea  and  veiy 
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Pig.  3.689. — Kecler  aon-sectianal  tnnsvene  dniin  hoiiiontal  boiler.  Thb  type  was  dcvelopel 


it  the  demand  f  < 
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•te."  n  cofulila  of  a  series  of  pipes  coimected  di 
id  Bud  to  the  ui    "         ' 


e  up  flov  elements  at  the  ather,  thus  avoiding  naggiite  or 

ordinary  Rrates  especially  when  forced.    In  early  tajnes 

figs.  3,665  and  a.aee.Gumey  and  others.    Fin. 

fir  gnite  as  designed  by  the  author  and  now  under 


Fic.  3,089, — Ttxi  ConUHued. 

rooms  whETB  cejling  height  is  limited  or  where  the  boileT  must  be  introduced  through  narrow 
paBsagewaysor  restricted  opening.  The  pressure  parta  of  the  boiler  are  shipped  in  a  knocked 
down  conifition,  makinG  it  possible  to  inatall  it  without  cutting  through  walls  and  floors 
in  locations  that  would  be  wholly  in 


Pis.  3,690. — Ttxt  Coiaimud. 
condiCiona.  The  lower  row  of  tubes  is  completely  encased  with  tile,  which  forms  an  incan- 
deacect  rererbelBlorT  roof  over  the  tunmce.  convertino  it  into  a  Dutch  Oven.  The  tubes 
aredividedinta  two  banks,  an  upper  and  lower  bank.  The  lower  bank  is  inclined  two  inches 
to  the  foot.  The  lower  bank  of  the  tubes  being  the  hottest,  in  consequence  the  circulation 
iimort  rapid,  therefore,  the  necessity  of  the  increased  inclination.  The  upper  row  of  tubes 
and  drum  are  intdined  one  inch  to  the  foot.  The  boilrr  is  supported  at  the  front  end  by  a 
beam  and  eolumn  tujpension.  At  the  rear  end  it  reata  on  cast  iron  columns  with  eipanaion 
platea  and  rollers.  This  construTtJon  permits  the  boiler  to  expand  and  contract  in  any 
direction  without  interfering  with  the  brick  work.    A  auperhestei  may  be  installed  between 
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Boilers  with  Ciirred  Tubes. — Owing  to  the  ease  and  pre- 
dion with  which  tubes  may  be  bent,  designers  have  employed 
tubes  of  various  shapes  to  secure  certain  advantages  in  b<Mlei 


M  sectional  paraUil  brrmontai  boiler  vntb  wrought  ated  faxlined 
-ea-tlns  suifAC«  is  composed  of  tuba  expAnded  into  headers  of  BerpentiTie  or 

,  .rhich  £spose  the  tubes  in  a  etoe^ered  position  when  assembled.    The  beaded 

Bitty  be  either  inclined  aa  shown  or  vertical.  The  sections  are  attached  at  their  rear  lower 
end  to  a  transverse  mud  drum  which  is  tapped  for  blow  off  conneetion.  The  bcnler  ii  sus- 
pended by  front  and  raar  wrought  steel  supporting  frames  independent  of  the  bricl:  worit  to 
permit  expansion  and  contraction  without  showing  either  the  boiler  or  biidc  mdc  The 
feed  water  is  introduced  through  the  fn:nit  drum  head.  From  this  point  of  introduetioil  the 
water  passes  to  the  rear  of  the  drum,  downward  through  the  tcbt  circolMting  tubce  to  the 
sections,  upward  through  the  tubes  of  the  sections  to  the  front  beaden  atid  thioai^  thtae 
holders  and  front  circulating  tubes  again  to  the  drum  where  such  water  as  has  not  been  formed 
into  steam  retraces  its  course.  The  steam  formed  in  the  passage  through  the  tubes  ia  lii»f- 
ftted  as  the  water  reaches  the  front  of  the  di—      ■t'-- -■ » •■  - -• — j  ;- ..i-- -. 
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tvnlc.  On  A  level  with  the-water  tine  And  extending  over  the  tubei  in  the  first  compartment 
of  the  v^per  dium  is  a  baffle  plaw  to  deflect  the  water  of  drcuUtion  and  prevent  splashing 
or  (pnyuis  water  into  tlie  steam.  Ordinarily,  feed  water  is  introduced  into  the  steam  drum 
below  tbe  water  line  and  flows  dcpmward  through  the  tubes  of  the  second  compartment. 


The  feed  water  conn«tioa  may 
"     Howol 


the  bottom  drum . 
.    Intht 
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Ffr«5  "t  604  to  3  706.— Various  forms  of  curved  or  bent  tube  as  used  in  curved  tube  boilfflrs. 
They  raay Vila^  as:  1.  single  curve;  2.  double  curve;  3.  triple  curve,  etc.;  4.  circular 
form  as  helix,  flat,  and  cone  shaped  spirals,  etc. 
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construction.    The  results  obtained  by  the  use  of  bent  tubes 
are,  briefly, 

1.  Provision  for  expansion  and  contraction- 

Thus,  especially  with  boilers  operated  under  forced  diaught,  as  on  fast 
vessels  there  is  less  trouble  with  leaking  joints. 


siitgie  and  double  curve  bent  tube  boiler.  In  con9tructii>n,  theiE  la  ( 
ungje  Bnatn  aium  connected  to  two  lower  or  mud  dnuua — one  on  each  side — by  two  ncsti 
of  bent  tubes  enclosing  a  Urge  combustion  chamber.     The  tubes  »ro  staggered  so  aa  ti 

present  the  greatest  amount  of  direct  heati ' —  — "*   —  "'   "" ""  "'  "*"  '--^-'■-* 

tbeir  deaning  by  coeans  of  a  steam  jet  and 
of  the  Btsam  dliim  is  made  of  pipe  and  ei 
in  sizes  from  3  to  S.OOO  hone  power. 
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Pig.  8.T0S. — Stirling  douMt  cunw  bent  tube  b^s.  It  13  built  m  a  Dumber  of  diSenot  dedgm. 
kBomi»BcliSBM,toineetvai7iiig.coadidon»o[aoorapace  and  headroom.  A]lcts«(«(irt 
of  the  sune  general  desisn  vwyins  la  depth,  beigbt  and  m  ths  number  and  kngth  of  thatolica. 
The  bnler  consiita  of  three  tnuuvcne  ateam  and  water  drumi.  aet  paralld.  and  coim«ct«d 
to  a  mud  drum  iff  water  tubei,  ao  curved  as  to  enter  the  toba  ahects  ndialtr.  The  ateam 
(pace  (rf  the  center  drum  la  Inlercoiukected  to  both  the  front  and  rear  druma  br  a  KFir  o<  cnmd 
neam  circulating  tube*  and  tb  the  water  ^lace  of  the  front  drum  by  water  ctr—'-*'—  *■■'— 

the  number  of  theao  loiter  tube*  depcodioH  upon  the  di ••i— 1.J1—    1" 

iflplacedon the topof  thecenCerdnim.  TwoiDdepen< ._ ^ ^ , 

top  of  thiidrum,  and  to  one  drum  heads  water  colnnioiiconnecMd.AfMdiupe  enter*  the  top 
of  the  rear  ateam  and  water  drum  at  the  center  and  diacbargca  mto  a  removable  trough.  1^ 
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Fig.  3.710, — Badenhaueen  wnter  tube  boiler  and  superimpaud  glass  ling  with  water  inside 
and  heated  by  B  lamp  illuatiating  the  circulation.  Theboiler  conjis(«<rf two  water  diuins, 
one  steam  and  water  drum,  and  a  Bteim  header,  all  connected  by  means  of  tubes.  The 
water  ia  fed  into  drum  3,  flows  down  the  rear  bank  ot  tubes  to  drum  1,  theoce  upwMdlT 
over  the  fire  tn  drum  2.  and  then  hiu^tr  to  drum  3.  The  steam  is  disengaged  aora  the 
ig  through  the  roof  tubes  wbete  it  is  superbBstcd 

Prom  there  it  passes  thiDU^  the  ateamooUet 

[pported  hy  means  of  st«l  fnming  mdependent  td  tba 


Drum  3  rests  on  beams.     Drum  2  is  suspended  from  he«vy  tuftied  bott*- 

_ ^odate  any  expansion.    Drum  1  is  suspended  from  tubes  — ""     ''^- 

ported  at  both  ends  on  steel  angles  carried  up  ftom  the 


L 


sfthed 


iT  ia  free  to  expand.    Asbestos  a 
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2.  Longer  tube  length. 

Thus  reducing  the  number  of  expanded  joints, 

3.  Flexible  disposition  of  the  heating  surface. 


Pic,  3.711.— MfKher  b- 


of  bant  tnUiic,  induied  Bod  a 

SIC  atoo  connected,  bdow  the  v 

dilation.  AncAilydc»iBnof  th 

«r  honr,  and  tsmoui  in  its  da 

boilei  were:  Heating  surface  1 .000  square  feet;  grate  wea  26  square  feet;  center  of  gravity 

verylim;  tubes  l-inch  diameter  solid  drawn;  weight  of  boiler  2H  tons;  length  7  feet  3  inches; 

breadth  e  feet;  height  3  feet  fl  inches.      The  boiler  "       ■'  '   --" *--' '" 

engine.  aiefl.UJi.andaa,  by  9  in.  BtrolO!.  about  800 
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4.  In  large  boilers,  one  manhole  to  be  removed  instead  of  indi- 
vidtial  tube  hand  hole  plates  for  cleaning. 

This  does  not  apply  to  &11  straight  tube  boilers,  there  being  a.  number  o£ 
makes,  as  the  Vogt,  for  inatance,  in  which  access  to  the  tubes  is  through 
large  drums,  instead  of  tube  plates. 

While,  of  course  it  takes  lonBer  to  remove  a  multiplicity  of  hand  hole 
plates  than  a  manhole,  it  should  be  noted  that  in  the  former  arrangement 
tiietubesare  more  accessible  for  cleaning,  and  a  slraight  tube  is  more  easily 
cleaned  than  a  curved  tube,  in  fact  some  designs  of  curved  tube  are  so 
complex  as  to  practically  preclude  cle^ng.  In  small  boilers  cleaning  sudi 
tub^  is  impossible. 


Pk:.  3.712. — Ofeldt  drcular  farm  01  hiliz  citne  beot  tabe  veiliul  drum  automobile  type  boiler. 
Tliu  is  B  true  coil,  aa  dininguiihed  from  the  lo  calln]  coil  boiler  in  which  the  coUt"  on 
made  up  of  atrei^hC  (ripH  connected  in  senes  by  return  beodi.  The  Ofeldt  boiler  coiulttt 
o/acentTHl  vertical  drum,  aunoundedby  a  nuniber  of  pipe  coita  which  are  connected  to  the 
drum  at  its  eitremitie*.  The  drum  holdi  a  reserve  of  water,  wluch.  when  the  bala  is  in 
operation,  cinjulates  through  the  coils  absorbing  best  from  the  fin.  and  re  enUjiag  the 
drum  at  the  top  as  water  and  steam ,  The  amount  of  water  in  the  drum  vsriea  from  thiM 
Bsllons  in  the  smaUeet  siie  to  eight  gallons  in  the  21-inch  bc^er.  Steem  is  takes  fran  tba 
top  of  the  dnun  and  pasaed  throngh  a  superheater  before  delivery  to  engine. 

Pigs.  3,713  and  3,711. — Ofeldt  circular  form  or  httix  earn  bant  tube  horiiontal  drum  m 
type  boiler  and  detail  of  coil.    The  boiler  conslala  of,  two  -      '  ■  - 

each  aide  by  numerous  vertical  up  flow  coila.  Between  th*- 
itom  ;lo»  coils  connected  tothetwodruma.  The  cooler  wat 
through  these  coils  to  the  lower  drum,  thence  up  through  ' 
from  the  fire  and  re-entering  the  upper  drum  as  steam  an 
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5.  Ease  of  making  repairs  depends  on  the  design. 

In  some  boilers,  as  for  instance,  the  Mosher,  any  tube  may  be  lemoved 
thout  disturbing  the  others,  whereas,  in  some  other  types  it  is  necessary 
start  at-the  beginning  of  the  row  and  remove  all  tubes  up  to  the  one 


without  di 
to  start  a 

damaged. 


6.  Curved  tubes  designed  for  over-discharge  give  a  large 
space  above  the  grate,  thus  improving  the  combi:stion  efficiency. 


Ques.    Mention  one  objection  to  bent  tubes. 


Fig.  3,T1S.— The  fii 


The  boiler  was  of  the 

tubes  2  inches  diameter  by  18  inchefl 
iter  leg,  the  other  end  being  closed 


Ans.  In  the  case  of  repairs,  especially  in  remote  regions,  they 
are  not  so  easily  obtained  as  straight  tubes,  entailing  more  or 
less  vexatious  delay  with  accompanying  loss  due  to  shut  down  ol 
plant. 

Closed  Tube  or  Porcupine  Boilers. — ^This  type  of  boiler 
consists  essentially  of  a  tube  sheet  into  which  are  expanded  or 
screwed  a  number  of  tubes  having  their  exterior  ends  closed,  and 
which  form  the  water  tubular  heating  surface. 
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Porcupine  boilers  may  be  classed  as 

1.  Parallel  tube, 

2.  Radial  tube, 

ftccording  as  the  tube  sheet  is,  1,  a  flat  plate,  or  2,  a  cylindrical  drum, 
Bod  as 

1.  Single  tube, 

2.  Double  tube. 


pffle  poToitei  tube  pair:upme  boiler^  a  widely  knowT 

_,.    It  waa  employed  on  Belf-containedpetTDlftum  bu 

, The  boiler  conilid  or  tubes  about  18  inches  long  which  ai 

oblong  clumber  at  one  end  and  cICHCd  at  ttie  otlieT,    The  illaatratian  clearly  ibowa  the  detail; 
-* ' — "—.    TliB  large  tubs  »«ii  at  the  top  semt  as  a  Bt«am  drum, 

r  Fidd  tubes  which  servs  to 

P^s.  3,716  and  3,717  show  respectively  the  parallel  and  radial  types, 
these  being  single  tube  boilers,  and  figs.  3,718  and  3,719  a  double  tube 
bcnler  of  the  p^^el  tube   class. 
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lar 


by 
the 
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figures  3,720  and  3,721  respectively.  The  arrangement  here 
shown  lends  itself  to  very  large  powers,  the  unit  virtually  com- 
prising several  boilers  combined  into  one. 

Up  Flow  and  Down  Flow  BoU^is. — ^According  to  the  way 


feed  enters  the  top  rear  unit  drums  and  minxes  with  the  downward  circulating  currents  in 
the  rear  tubes  and  then  passes  up  the  tubes  in  the  front  units.  It  will  be  noted  that  the 
rear  vertical  units  (comprismg  almost  half  of  the  heating  surface),  which  «re  in  contact 
with  the  cooler  ^asea  of  combustinn.  must  be  traversed  by  the  tied  water  before  it  can 
come  in  contact  with  the  direct  heating  surface  over  the  furnace. 

Fbj.  3.718  and  3,7le.—rMi  Conlinuid. 
dicolation-    This  is  accompliahed  as  shown  in  Gg.  3,710.    Here,  as  indicated  by  the  arrows 
thewaterfrom  the  down  flow  section  of  the  header  iravenes  the  inner  tube  and  returns  by  ths 
enter  tube  to  the  up  flow  section  thus  a  thin  circular  ALm  of  water  is  presented  to  the  heatiiiir 
lurface  rendering  it  very  effective  and  at_the_Bame  time  producing  rapid  circulation,  but 
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in  which  the  water  passages  are  arranged,  the  circulation  may 
be  directed  upward  or  downward.  Although  most  boilers  work 
on  the  upflow  principle,  Rankine  states  in  favor  of  downflow 


n.' — Connelly  multi-drui 


a  at  very  Utse  liorse  powrawith  tu 
ed  with  mecnanical  stolnr  and  bu 
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"In  a  steam  boiler  it  is  favorable  to  ecaaomy  of  fuel  that  the  motion 
of  the  water  end  steam  should,  on  the  whole,  be  opposite  to  that  of  Uie 
Same  and  hot  gas  of  the  furnace,  in  order  that  the  hottest  particles  of  each 
may  be  in  communication  with  the  hotest  particles  of  the  other,  and  that 
the  minimum  difierence  of  temperature  between  the  adjacent  particles  of 
the  two  may  be  the  gratest  possible.    Thus,  if  there  be  a  feed  water  heater 


Pic.  3.T24. — Diasnun  of  Purioi  gec^na^  doum  jtm  boiler.    Tlie  druni^hu  ae 

:;t  upcsMa  m 

top  of  euh  clemaitjg 


top  of  euh  clemait  nsvniti  nveiul  at  tba  flow.  The  wkt«r  fad 
level  in  the  upcut  When  beat  ii  applied  the  water  in  the  incaet  i*  i 
drum  by  tha  cxpanvon  of  the  ateam  foimed  in  the  lower  tube.    Th 


The  water  then  n 


1  evaporation,  and  the  retult  ii  a  etmns  and  laiiid  flow,  unpelled  by  the  Btavlty  bi 
*i.    The  flow  of  water  and  MeuQ  »  oppuiU  to  the  so*™-  ond  u>  the  faeattniiif 


m  the  latter  to  the  fonner  it  ia  carried  bade  towBid  the  pout  wheie  it  wee  ofusnaDy 
tented  Ttut  li  on  application  of  the  re«nerative  princJiik,  which  hoa  bean  pnotebty 
d  in  maay  ol  the  arts,  uid  its  appUcation  to  boiler  (mctice  aflordf  a  material 


When  a  drop  m  premie  occun.  the  anti-ptimins  valve  eloaet.  and  tba 

difference  in  pretaure  cieated  betireen  the  two  chamben  ke^  the  valve  doeed  wUh  the 
drop  continue!;  thia  effectually  prevents  priming  In  operailOA.  the  co«le<t  water  pauei 
through  the  upper  or  ecoDomiier  elements  where  i"  eotnei  in  coclait  with  the  tocdeet  gain 
Steam  i>  delivered  direct  Fnni  the  hctteit  part  01  the  f  unuct  Into  the  atcam  -^rn^*"^ 
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consisting  of  a  set  of  tubes  through  which  the  water  passes  to  be  heated 
before  entering  the  boiler,  that  apparatus  should  be  placed  near  the  chimney. 
The  coolest  portions  of  the  water  in  the  boiler  should  if  practicable  and 
convenient,  be  contiguous  to  the  coolest  part  of  the  furnace;  and  if  there 
be  apparatus  for  superheating  the  steam,  that  apparatus  v^  be  most 
efficient  if  placed  in  the  hottest  part  of  the  furnace. 

The  downflow  principle  has  been  utilized  in  some  flash  boilers 
and  a  few  water  tube  boilers.  An  example  of  the  latter  class  is 
the  Parker  boiler,  the  operation  of  which  is  shown  in  figures 

FIELD  TUBE  GCNtRATlHG  TUBE 
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>L 


Fig.  3,72S.— Talbot  boiler  header  and  tubes.  The  header  consists  of  two  sets  of  overiappiog 
compartments,  into  one  of  which  is  screwed  the  open  end  Field  tubes  and  into  the  other  the 
generating  tubes .  The  end  of  each  generating  tube  is  welded  together  so  as  to  dose  it.  These 
clos^  ends  are  free  to  expand  and  are  supported  in  front  by  perforated  sheets  of  metid. 
Both  tubes  are  secured  by  screwed  joints  with  threads  having  double  the  standard  pipe  thread 
taper  which  makes  it  easy  to  remove  them,  the  fit  is  sufficiently  tight  for  1 ,000  lbs.  pressure 
using  standard  weight  pipe. 

3,724  to  3,727.    Here  the  water  as  it  descends  with  gradual 
rise  of  temperature  travels  toward  the  hotter  part  of  the  furnace. 

A  question  which  naturally  presents  itself  is  whether  the  life  of  the 
lower  tubes  be  ^ortened  because  of  the  more  severe  conditions  du«  to  the 
down  flow  principle. 
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CHAPTER   66 
SPECIAL  BOILERS 

There  are  a  few  types  of  boilers,  not  described  in  the  preceding 
chapters,  that  are  of  unusual  character,  and  here  designated  as 
special. 

Examples  of  these  peculiar  boilers  are  to  be  found  in  the  various 
divisions  previously  mentioned,  that  is,  classed  with  respect  to 
heating  surface  that  may  be  of  the 

1.  Fire  tube. 

2.  Combined  flue  and  fire  tube. 

3.  Water  tube  (or  pipe). 

4.  Combined  fire  tube  and  water  tube. 

5.  Combined  shell  and  water  tube. 

6.  Combined  shell,  fire  and  water  tubes. 

or  other  special  types  not  included  in  the  above  list. 


1.    FIRE  TUBE  BOILERS 


Duplex  and  Triplex  Fire  Tube  Boilers. — ^An  inherent  defect 
in  the  horizontal  return  tubular  boiler  is  its  limited  diameter, 
due  to  the  fact  that  part  of  the  shell  being  exposed  to  the  intense 


A 
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heat  of  the  furnace, 
the  shell  cannot  ex- 
ceed a  certain  thick- 
ness, otherwise  the 
outer  portion  of  the 
metal  especially  at 
the  riveted  joint 
would  become  over- 
heated. This,  and 
the  constantly  in- 
creasing size  of  unit 
demanded  have  re- 
sulted in  various 
modifications,  some 
more  or  less  freakisli 
in  their  character. 
Pig.  3,729  shows 
the  duplex  arrange- 
ment, being  an  at- 
tempt to  increase 
the  heating  surface 
of  a  shell  boiler  of 
given  diameter  by 
utilizing  all  the  tube 
sheet  for  tubes,  and 
connecting  the  shell 

FtQ.   3,730.— Duplex  borizontel  leturn  fire  tube  bailer  condetiiig  of  s  lower  tubulous  ibell 
connected  by  neclB  to  an  upper  drum  ■ 

(by  short  necks)  to  a  steam  and  water  drum  as  shown. 

Although  the  connecting  necks  are  made  as  large  as  possible,  the  circula- 
tion is  poor.  The  hot  gases  pass  from  the  furnace  underneath  and  around 
the  lower  shell,  thence  through  the  tubes,  and  back  under  the  drum. 

According  to  Barr,  boilers  thus  constructed  have  not  sufficient  advantages 
over  the  ordinary  single  shell  type  to  pay  for  their  extra  cost. 
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tube  sheet  may  be  filled  with  them,  thus  considerably  increasing 
the  heating  surface. 

Although  the  return  flow  of  the  hot  gases  is  not  obtained  in 
the  vertical  setting,  the  same  economic  effect  is  obtained  by  de- 
creasing the  diameter  of  the  tubes,  thus  lowering  the  stack  tem- 
perature to  the  same  degree  as  is  obtained  with  the  horizontal 
return  flow  setting;  in  fact,  tests 
indicate  that  the  performance  of 
the  vertically  set  boiler  is  the 
same  as   the  horizontal  return 
flow  setting. 


The  boiler,  as  shown,  is  supported 
by  an  iron  collar  riveted  to  tne  shell 
and  of  proper  dimension  to  support 
the  boiler  in  place  without  bringing 
undue  strain  upon  the  rivets  which 
fasten  the  cxjllar  to  the  shell. 

Where  floor  space  is  limited  and 
there  is  sufficient  height,  the  vei* 
tical  setting  is  desirable,  provided 
the  feed  water  be  such  as  will  not 
foul  the  lower  sheet. 


Vertical  Extended  Internal 
Fire  Box  Fire  Tube  Boilers.—  I 

This  is  a  nattu-al  development  of 
the  vertically  set  tubular  boiier 
just  described,  in  that  it  elimin-  I 
ates    the    brick    setting,     thus  I 


-Vertical  setting  for  moditied  hmiionUl  tubular  boiler.    Since  tha  object  of  ttis 
~'  •'  to  secure  majimmn  capacity  tat  a  Eiven  eiie  ihell  ai  well  sa  to  ei 
entire  tube  sheet  area  ahould  be  utilized  tar  tubes  u&in«  a  large  ni 


6or  inu:e,  the  entire  tube  sheet  area  ahould  be  utilized  for  tubea  u&ing  a ^_ 


satisfactory  efficiency.    The  settine  BhouH  be  contini 
,_.._,  ..  -u...-  ^  ^mt,  sheUTieating  surface  as 
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economizing  flow  space  in  a 
still  higher  degree. 

The  design  also  provides  ade- 
quate grate  area  for  the  very 
great  amount  of  heating  surface 
crowded  into  a  shell  of  small 
diameter.  These  features 
are  embodied  in  the  Phoenix- 
Manning  boiler,  figure  3,733, 
and  with  improved  construc- 
tion in  the  Smith-Manning 
boiler,  figure  3,734. 

Manning  boiler. — ^As  shown 
in  fig.  3,734,  it  is  very  high  in 
proportion  to  its  diameter  in 
order,  1,  to  obtain  large  capa- 
city on  small  floor  space,  and  2, 
to  reduce  the  stack  teniperature 
to  that  giving  high  efficiency. 

In  order  to  obtain  adequate 
grate  area  for  the  large  amount 
of  heating  surface  the  shell 
diameter  is  ehlarged  at  the  fur- 
nace by  a  doublai  flanged  ring 
as  shown,  thus  the  diameter  of 
the  furnace  is  made  equal  to  or 
larger  than  that  of,  the  shell 
instead  of  being  reduced  as  in 
the  case  of  the  ordinary  vertical 
boiler. 

The  tubes  are  arranged  in  concen- 
tric circles  with  a  space  at  the  center 
for  circulation.  The  double  flan^ 
rin^  also  provides  for  expansion 
which,  because  of  the  extra  length  of 
the  boiler,  is  an  important  feature. 

Smith  boiler. — ^This  is  a 
modification  of  the  Manning 
boiler.  In  place  of  the  double 
flanged  ring  of  the  latter,  there 
is  a  conical  enlargement  of  the 
shell  above  and  around  the  fur- 
nace, and  a  corresponding  en- 
largement of  the  furnace  walls 
as  shown  in  fig.  3,734.  The 
objects    of    this    arrangement 

Pig.  3,734. — Smith  -  Manning  vertical 
tubular  boiler.  The  fire  box  is  conical 
permitting  a  free^  circulation  of  water 
and  the  tube  sheet  is  curved  for  strength. 
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are  1,  to  avoid  the  ring  construction  which  was  an  element  of  weakness, 
2,  to  provide  a  space  around  the  tubes  large  enough  for  a  man  to  walk  in 
to  examine  and  clean  the  crown  sheet  and  other  mterior  surfaces,  and  3, 
to  provide  additional  water  space  aiid  thus  render  the  boiler  less  sensitive 
to  chalnges  in  operation. 

Vertical  Radial  Fire  Tube 
Boilers. — ^A  defect  of  the  verti- 
cal fire  tube  boiler  is  position  of 
the  lower  tube  sheet  directly 
over  the  fire  where  scale  or  sedi- 
ment is  baked  by  the  intense 
heat,  and,  as  usually  con- 
structed, the  impossibility  of 
cleaning  the  tube  sheet  render- 
ing this  type  of  boiler  undesir- 
able for  feed  water  containing 
impurities.  To  overcome  this 
trouble  Reynolds  conceived  the 
idea  of  spacing  the  tubes  in  ra- 
dial lines,  and  providing  a  large 
hand  hole  at  the  tube  sheet 
level  where  these  lines  converge 
thus  rendering  the  spaces  be- 
tween the  radial  rows  of  tubes 
accessible  for  cleaning. 

The  features  of  the  design  are 
showninfigs.3,735and3,736.  Infig. 
3,735,  the  space  at  the  left  side  left 
vacant  by  Oie  tube  arrangement  is 
utilized  by  an  internal  stand  pipe  or 
reservoir  through  which  the  feed 
water  passes  from  the  bottom  and 
overflows  at  the  top. 

In  traversing  this  reservoir,  a  con- 
siderable portion  o£  the  impurities  is 

Pus.  3.T3fi.— RcynaMa  bcnler  ibowios  method  of  introducing  the  feed  water.  By  rakms  the 
wa.ua  level  in  the  boiler  slightly  above  the  top  of  the  feed  column,  the  Uttei  may  bt  utiHied 
■A  A  luifaco  blow  off  to  eject  Bcum  or  light  impnrities  collected  on  the  surface  nf  the  water. 
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precipitated  and  caught  in  the  bottom  of  the  reservoir,  where  it  may  be 
blown  off  through  the  lower  connection. 

Vertical  Return  Fire  Tube  Boilers. — ^An  attempt  to  im- 
prove the  efficiency  of  the  vertical  boiler  without  increasing  its 
length  and  reducing  the  size  of  the  tubes,  resulted  in  the  return 
or  two  pass  arrangement  shown  in  figtire  3,737.  Here  the  hot 
gases  after  passing  through  the  tubes  directly  above  the  furnace 


Fig.  3  736 — Detail  of  crown  sheet  of  Reynolds  boiler.    The  radial  tube  epacing  facilitates 
cleaning  the  crown  sheet. 


return  downward  through  the  outer  circle  of  tubes,  thence  to 
stack. 

In  order  to  avoid  the  use  of  stay  bolts  and  permit  placing  the 
outer  ring  of  tubes,  a  corrugated  furnace  is  used. 

To  further  increase  the  efficiency  the  combustion  space  is  of 
great  height  obtained  by  placing  the  grate  in  an  extens.on  ot 
brickwork  of  conical  shape  directly  below  the  boiler.     The  wall 
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'h  tha  tubes  to  the  outside  flue,  thence  upward  and  inward  through  the  middla  lectioa 
EA  to  the  internal  flue,  thenc^e  upward  ami  outTard  through  the  3uperh«atiD£  tubs. 

and  down  the  outside-  One-half  tlie  area  is  mAict&ined  for  circulation  on  the  inade 
est  and  thrKe-quBiteia  on  the  outside  sheet.  A  manhole  is  provided  £or  enteiina  at 
ihell .  which  apace  is  unobstructed,  and  two  blow  off  coda  are  provided  at  Ijase  of  bmlet. 
Lsing  is  lined  with  an  insulating  material  and  is  mounted  on  wheels  which  nm  upon  i 
secured  to  the  boiler.  The  joints  are  made  by  a  gravel  pocket,  so  that  the  cuius  f^J 
ily  revolved.  Doors  are  provided  from  top  to  bottom,  which,  by  revolving  the  GflaoC* 
le  brought  opposite  any  part  of  tha  boiler  for  inspoction,  cleaning  or  rep»in. 
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being  perforated  as  shown  by  radial  holes  through  which  air  may 
be  admitted  above  the  fire  to  improve  combustion. 

Modified  Qyde  Type  BoUers.— An  objection  to  the  Clyde 
and  Scotch  boilers  is  the  p(x>r  circulation  because,  as  usually 


Pigs.  3,740  nnd  3,7*1.— ^gle  flue  Clyda  t 


H  boiler  with  f  unuca  on  tide,  /n  tkU 
□  one  lide  than  the  other,  c'      '    '      ' 
leflueon  theonlinary  type  ism 
on  the  front  para,  ii  greater  thai 
herwisa  the  nault  aought  nuy  i 
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constructed,  the  water  lies  dead  in  the  bottom  o£  the  boiler,  the 
heat  from  the  furnace  not  reaching  to  any  degree  the  bottom  of 
the  boiler.  To  remedy  this  defect  numerous  devices  have  been 
applied. 

Fig.  3,742  shows  one  arrangement  in  which  the  furnace  instead  of  extend- 
iflg  the  length  of  the  boiler  is  connected  to  a  number  of  short  tubes.  The 
e&ect  is  to  produce  rapid  upward  circulation  in  that  end  of  the  boiler  and 
draw  in  that  direction  the  water  under  the  flue. 


ricAl  pcirtion  of  the  boiler,  ia  formed  by  a  metallic  jacLi 


)e  boiler.    The  fu 

.  .  , -T.  is  formed  by ^ 

lined  with  fin  brick.     The  flames  and  hot  gases  pass  from  the  furriHce  back  through  a 
of  4-inch  tubes  to  the  combustion  chamber  at  the  rear  end.  thence  upward,  passicg  bat^  a^ic 
to  the  front  end -of  the  boiler  through  a  series  of  3-ioch  tubes,  to  the  smoke  stack.    The 
lower  portion  at  the  rear  of  the  boiler  affords  a  large  Bettling  chamber  for  the  preciiiilatioii 

boiler  especially  adapted  for  service  where  the  water  is  heavily  charged  wi^  miaetal  sub- 
Btauces.     It  is  accessible  for  cleanins  both  externally  and  internally. 

Extended  Shell  Tri-pass  Fire  Tube  BoUcts.— The  object 
in  this  arrangement  is  to  obtain  an  extra  long  path  over  the 
heating  surface  for  the  hot  gases,  so  that  the  water  will  absorb 
a  greater  percentage  of  the  heat,  thus  increasing  the  efficiency. 

As  shown  in  the  diagram  figure  3,744  the  hot  gases  pass  from 
the  furnace  and  flow  along  the  lower  portion  of  the  shell,  thence 
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Pie.3.T«.— Tslbot  150  hon 


tontltit  of 


wiog  tffited 
"  Thm  hollar 


..  ^T  heater,  boiler  and 

stuin  superheater.  The  entire  unit 
is  made  up  of  Email  tubes  and  a  hooey 
combed  header  into  which  the  tuba 
ue  Becuied.  Test  pressure  1.000  Iba.; 
superheater  adjusted  for  temperatures 
up  to  SOO- Fflhr.  Itiaclaimedlhatthe 
ispiil  circulation  prevents  icalina  of 
tubes.  The  Talbot  boiler  it  (luthcr 
illustrated  and  deicribad  on  pagei 
2,0Saud  2,008. 
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StCTIOH  ON. 
Fig.  3,7*6  Bud  a,T47. — Coi 


1  BiDgle  flue,  fl«  tube  bmler. 


ttCTIOM  ON  LF 

Pics.  B,748to  S.76I.— Lancashire  boiler  with  fire  tubes.    Pig.  3748,  wdion  on  line  MS;  fi«. 
3.74fl.  elevation;  fig.  3.750,  wction  on  lino  LF;  Sg.  8.761.  plan. 

NOTE.— Foi-m*  of  bailer  luxJ  In  dllTerent  counlrla.  The  "power  of  Bugseslion" 
or  local  praetise  of  others  (no  matler  how  faulty)  enters  largely  into  the  selection  ^T  boflw- 
The  follomng  figures  by  Hitler  a(  the  Matianal  Boiler  Insurancs  Co.  of  Manchester,  Ew.. 
ihov  hoiT  largely  selection  is  influenced  by  local  cuEtom. 

Per  Cent  of  Boilers  of  Various  Types  Used  in  Europe 
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United 
Kingdom. 
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irnd!"" 

Auitri.. 

Comishand  aimilar  types 

Eitemally  fired  cylindrical 

EitemallF  fired  multitubular  .... 
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Other  types 
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Pics.  3,757  to  3,759. 

shown  in  fig.  3,75t.      _.._  ,,..__ 


I>ipe  boiler.  Pig.  3.TS7  shows  the  assembly  eic< 
ninm  arc  iim™i>d  together  ftS  Shown  in  fig.  3.71x1.  un  biphj-i  jn"- 
of  ^reaC  durability.    Pig.  3,7SB  sham  the  Ksacnl- 


for  the  dium  »a 
jpedalpto- 
.theuacni- 
The  design 
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In  order  to  secure  adequate  heating  surf  ace  without  an  unduly 
long  boiler,  the  furnace  flues  instead  of  running  ftdl  length  have 
been  shortened  and  connected  with  fire  tubes. 

Figures  3,746  ^d  3,747  show  a  single  flue  boiler  connected  in 
this  manner,  and  figures  3,748  to  3,751,  a  two  furnace  or  Lan- 
cashire tjrpe  in  which  the  breeches  is  shortened,  forming  a 
common  combustion  chamber  with  its  far  side  connected  to  a 
mass  of  fire  tubes. 


3.  WATER  TUBE  (OR  PIPE) 

BOILERS 


The  construction  of  water  tube  boilers  is  so  varied  that  the 
distinction  between  regular  and  peculiar  forms  is  not  so  marked 
as  in  the  case  of  fire  tube  boilers.  However,  there  are  a  few 
examples  of  unusual  construction  that  may  be  mentioned. 

For  instance,  the  Almy  boiler,  shown  in  figures  3,765  and 
3,766  does  not  permit  of  its  being  classed  as  either  a  vertical  or 
horizontal  boiler.  It  is,  however,  sectional  and  in  its  construction 
some  special  fittings  are  employed,  the  general  features  being 
mentioned  under  the  illustrations. 

Another  peculiar  form  is  the  Taylor  boiler,  which  in  a  way  re- 
sembles it,  in  that  it  is  made  up  of  a  large  number  of  pipes 
placed  in  such  positions  as  to  make  the  assembly  distinctively 
different  from  the  regular  types. 

The  Taylor  boiler  is  sectional,  being  composed  of  a  number  of  sections 
consisting  of  a  nxmiber  of  vertical  pipes  connected  in  parallel  by  horizontal 
headers  and  in  series  with  the  drum  and  bottom  or  mud  pipes  by  vertical 
connections.   The  details  of  construction  are  shown  in  figs.  3,757  to  3,759. 
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The  Fairbain  boiler  shown  in  figures  3,760  and  3,761  represents 
an  early  attempt  to  combine  internal  firing  with  large  water 
capacity  and  at  the  same  time  without  having  recourse  to  shells 
of  large  diameter,  thus  rendering  them  better  adapted  to  high 


The  principal  advantage  of  this  design  is  that  it  furnishes  a  large  nater 
capacity  in  a  space  that  would  not  admit  of  a.  Lancashire  boiler  of  full 
length.  As  a  transition  or  intermediate  type  between  the  fire  tube,  and 
combined  fire  tube  and  water  tube  boilers  is  the  fire  tube  boiler  with  water 
grate  as  used  in  the  down  draught  system  of  combustion.    While  the  water 


Pia.  3.762. — Herbert  fire  tube  boiler  with  wster  tube  down  draught  Brata.     Thnpartt  art! 

A.  fire  tube  bailer;  B.  wster  leg?;  C.  circulalinH  pipea;  D,  ade  tubes  connecting  water  legs; 

B.  water  tube  grate-,  P.  lower  BheJunB  gnXe;  U.  nre-brick  bndge-walli  H.  clean-out  plugs; 
K-L,  brass  clean-out  plugs. 

tubes  serve  primarily  as  grate  bars,  they  £orm  a  very  efficient  heating  surface 
and  may  be  considered  as  such  in  the  classification.  Fig.  3,762iB  an  example 
of  this  type. 

In  operation  the  flames  travel  downward  through  the  water  tube  grate 
£,  placed  the  same  as  the  ordinary  grate,  and  on  which  the  coal  is  fired. 
This  grate  is  piped  up  with  the  boiler,  and  water  circulates  through  it 
and  tjie  piping. 

A  shcat  distance  under  the  water  tube  grate  a  second  common  grate  is 
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placed,  on  which  the  spent  fuel  falls  as  it  bums  and  as  the  upper  fire  is 
woriced.  Between  these  two  grates  is  a  furnace  of  high  temperature 
in  which  the  fuel,  both  soEd  and  gaseous,  is  consumed  before  passing  to 
the  boiler.  It  will  be  seen  that  the  conditions  for  the  entire  ccanbustion  of 
the  coal  are  thus  fully  met. 

The  heat  of  the  gases  is  made  available,  thereby  saving  fuel,  friiile  heating 
surface  is  added  to  the  boiler  and  its  natural  circulation  improved. 

In  the  Lyons  combined  fire  tube  and  water  tube  boiler,  figure 
t,763,  the  water  tubes  are  inserted  for  a  different  purpose. 


Pic.  3,703. — Lyoni  combioed  fire  tube  and  water  tuba  bcaler  irith  one  row  of  water  tubs. 
/n  anutructlon  the  boiler  ctmsiats  of  two  main  lectioiis:  the  upper  oiihell  with  its  contained 
fin  tubes,  and  tlw  lower  or  uddka  with  theii'  attached  water  tubei.  The  front  and  rear 
heads  extend  below  the  shell,  fannins  the  aaddks  into  which  the  water  tuba  an  einsdcd. 
The  rear  aaddle  extenda  twelve  inchei  farther  beneath  the  shell  than  the  front  nddle,  ■> 
that  ttu  water  tubes  Incliiw  upmud  toward  the  front  end  of  the  boiler,  this  jnclination  allow- 
iDS  the  water  to  be  free^  carried  to  the  front  end  of  the  boiler  and  dischaised  throu^  the 
front  saddls  into  the  BheU.  The  shell  plates  are  cut  awar  at  the  point  of  junction  n&the 
■addlea.  thus  sivina  a  free  and  uncbetructed  path  for  the  waMr  in  iM  cuculatica-    TIkr 

are  hand  holes  in  both  heads.    TUe  is  sospeniled  from  the  watsi  tidies  directly  abore  tbe 

grats  by  tranarene  rods  reating  on  tbe  t4q>  of  the  tubes. 

namely,  1,  to  improve  the  circulation,  2,  to  protect  the  shell 
from  the  direct  action  of  the  fire,  and  3,  by  aid  of  tiles,  to  pre- 
vent the  gases  of  combustion  coming  in  contact  with  the  colder 
surfaces  of  the  tubes  until  complete  oxidation,  thus  obtaining  a 
sort  of  Dutch  oven  furnace  e£Eect. 
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A  fiirther  development  of  this  style  boiler  is  shown  in  figure 
3,764,  which  has  two  instead  o£  one  row  of  water  tubes  connecting 
to  manifolds  or  headers  at  the  ends  of  the  boiler. 

The  cut  shows  plainly  both  the  fire  and  water  tubes.  Pile  baffles  are 
placed  above  each  row  of  water  tubes  giving  the  hot  gases  a  tri-pass  flow 
from  the  furnace  to  the  chimney. 


er  tube  boilei  with  tieo  nmt  of 


5.    COMBINED  SHELL  AND 
WATER  TUBE  BOILERS 

This  is  a  favorite  combination  used  in  the  design  of  fire  engine 
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Pig.  3,TS5.— Fox  combined  shell  and  water  tube  fire  engine  boUer.    It  cotubto  o/  k  smple 
1 1..11  t — ^1 ._t„i..^  -u !,„..,    ._j titutej  a  VAta  legfied  fire  boi  ud 

anifold  a 


'U  heavily  atB^bolted  throughou 
---  •' ^Tcipal  heating  aurfscr 


Ewedandsu  ,  

flanged  part  □£  the  shell ,  and  the  Inwer  end  is  stayed  by  direct  connection  with  the  leg  of  tht 
fire-box.  The  Ivbes  ari  "slasirrtd"  in  their  manifolds,  thereby  eipoang  the  sRHtot 
possible  surface  to  the  fke,  and  filling  out  the  space  due  to  the  difference  in  tbs  mith  of  the 
water-leg  and  steam  space  of  the  shell.     The  direct  application  of  heat  to  the  tubea  CAuse*  a 

movement  of  the  water  in  the  leg  of  the  fire  box.  and  promotes  the  flow  into  the  feed  pipef . 
The  inner  tube  system  comprises  those  tube  sections  which  extend  to  the  upper  liimts  of  tbn 
boiler,  their  number  and  arraDgement  bdna  such  as  to  compietely  fill  the  interior  erf  the  shell 
above  the  space  required  for  the  combustion  of  the  fuel.  The  construction  of  tho  vertical 
inner  tube  system  is  simple,  and  consisU  of  the  required  number  of  manifold  secttons,  nitt- 
ably  arranged  to  confaim  to  the  circular  space  occupied,  the  flat  inner  end  of  each  upptf 
manifold  being  rigidly  bolted  to  a  heavy  transverse  beam,  which  in  turn  is  supported  in 
suitable  pockets  secured  to  the  upper  part  of  the  shell.    At  the  top  of  the  boiler,  each  sec-     j 

acoBsible.    The  current  of  ateam  and  water  carried  over  through  the  top  conneetioni  of  the 
er  tytttxa  is  generally  sufiicient  to  keep  the  tubes  clear  of  scale;  and  the  point  of  diichar^ 

'  ■*" Lgement  is  hrought  down  low,  to  prevent  its  mixture  with  the  drier  ftettn  coo- 

le  hiflbest  put  ol  the  shell. 
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6.  COMBINED  SHELL,  FIRE 

AND  WATER  TUBE 

BOILERS 


Fic.  3.768. — Osweao  combined  shell  and  water  tube  boiler  with  water  tube  down  draught 

A  boiler  combiuing  the  features  of  shell,  fire  tubes,  Field  drop 
tubes,  and  water  grate  is  shown  in  figure  3,771  used  for  steam 
heating.  This  represents  a  very  unusual  combination  of 
features  employed  in  boiler  design  and  it  is  the  only  one  embody- 
ing these  various  items  that  has  come  to  the  notice  of  the  author. 
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A  mrt  converted  into 


be  and  (Field  drop)  water  tube  fire  engine 
tube.      In  conitrucllon,  the  Sn  box  hu 

It  their  lower  ends  by  means  of  wrought  iron 
Lced  &  muck  smaller  and  thinner  tulie.  which 
in  the  boiler  defends  through  the  inner  tube 
It  of  the  furnace,  whence ,  t^ter  being  for  the 
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CHAPTER  67 


STEAM  HEATING  BOILERS 


The  conditions  tinder  which  a  boiler  works  in  furnishing  steam 
for  heating  buildings  are  quite  different  from  those  encountered 
in  a  power  plant,  hence,  as  might  be  expected,  the  construction 
of  a  heating  boiler  is  quite  unlike  that  of  a  power  boiler. 

The  chief  points  to  be  considered  in  design  are: 

1.  Very  low  steam  pressure; 

2.  Low  rate  of  combustion; 

3.  Long  intervals  between  firing; 

4.  Automatic  draught  control; 

6.  Adequate  heating  surface. 

Accordingly  the  construction  need  not  be  so  substantial  to  re- 
sist internal  presstire,  as  for  power  boilers,  thus  permitting  the 
use  of  cast  iron. 

Most  heating  boilers  are  built  in  sections  of  cast  iron  making  a  very 
durable  construction. 

By  building  up  a  boiler  from  cast  iron  sections,  the  size  may  be  varied 
considerably  according  to  the  number  of  sections  used,  thus  a  multiplicity 
of  sizes  is  obtained  without  reciuiring  numerous  patterns.  While  this 
reduces  the  cost  of  manufacture,  it  resijdts  in  numerous  instances  of  boilers 
not  properly  proportioned  for  economy,  especially  in  the  vertical  types. 
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25:1 

The  Heating  Surface. — ^The  author  after  a  laborious  exatni- 
nation  of  about  one  hundred  boiler  catalogues  found  that  while 
nearly  all  gave  the  grate  area,  very  few  gave  the  area  of  heating 
surface  (for  obvious  reasons) . 

While,  for  example,  he  found  that  in  one  size  of  the  Vance 
boiler  3S  square  feet  of  heating  surface  per  square  feet  <rf  grate  is 


Fio.  3,773. — TyjMcal  round  vertioil  boiler  ihowing  Beooral  txt 

provided,  in  another  make  boiler  (the  name  ought  to  be  printed 
in  large  letters)  only  8.3  square  feet  of  heating  surface  is  pro- 
vided per  square  foot  of  grate.  Of  coiu^e,  if  coal  cost  nothing, 
or  the  coal  dealers  paid  for  the  privilege  of  delivering  it  to  your 
door,  such  allowance  of   heating  surface  might  suffice,  but 


STEAM  HEATING  BOILERS  2,129 

where  tkereis  any  regard/or  economy  an  adequate  amount  of 
heoHng  surface  wiU  be  provided. 

If,  instead  of  dosing  public  btiildings,  or  orderii^  Ughtless 
nights  to  conserve  the  fuel  supply,  the  authorities  would  pro- 
hibit the  manufacture  of  such  wasteful  apparattis  as  mentioned 
above,  a  much  more  intelligent  solution  of  the  fuel  problem 
would  be  arrived  at,  and  without  inconvenience  and  annoyance 


of  the  public.  Although  the  low  rate  of  combustion  in  a  heat- 
ing boiler  permits  a  lower  ratio  of  heating  surface  to  grate  area 
no  such  ridiculous  ratio  as  8.3  to  1  should  be  used. 

The  usual  construction  of  a  vertical  sectional  boiler  comprises 
a  base  section  containing  the  grate,  a  fire  pot  with  space  all 
aroimd  for  the  water,  and  piled  up  on  top  of  this  is  one  or  more 
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.  ..  , ,_-._  , —  „;— _ fViB^KLy  8"i5',  20,  »nd» 

Sirner  whS^'tip'^has  no  area  rfl  Bquare  inch.  When  the  butnera  are  lit  (usumbiB  ^^ 
flames)  it  will  be  noticed  that  only  avay  small  portion  of  the  flame  will  touch  the  bottom  of 
kettle  No.  1.  mora  will  come  in  contact  wiih>)o.  2,  etitl  mora  with  No,  8,  knd  all  with 
No. 4.  ThereiultiethatNo.lwiUbegintoboilfint,  No.3i]eit,tb«iNo.2,BndlutNo.  1. 
Evidently  it  takes  l«a  fui;!  to  heat  No.  4  than  aoy  of  the  otheim,  the  waste  bcinB  about  ni  tlw 
motwrtion  iodicated  b?  the  arrows-  The  same  thing  happtni  in  a  hetug  ieati**  boiUr. 
Don't  blame  the  manufactums  because  there  are  a  lot  of  bculen  like  kettles  Noa.  1  and  3 
on  the  maiket — it's  your  tauU.  If  you  thought  less  about  flrat  con,  and  more  about  Tear 
coal  tnlk  yon  would  buy  >  boiler  like  No.  4  kettle,  and  the  cost  of  coal  woidda't  be  oo  high. 


Pig.  3,778. — The  principal  re 
numulacturer,  he  limply  b 
about  the  coal  bills. 
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intermediate  "sections,"  and  a 
top  or  dome,  thus  several  sizes 
of  boilers  are  listed  all  having 
the  same  size  grate. 

Evidently  the  efBdency  (tf  such 
apparatus  will  depend  principally 
upon  the  number  of  sections  or 
amount  of  heating  surface  piled 
up  over  the  furnace  and  the 
arrangenient  of  these  sections. 
AccorainKlj'  if  the  purchaser  be 
interested  in  economy  of  fuel,  he 
will  select  a  boiler  which  has  an 
adequate  amount  of  heating  sur- 
face in  proportion  to  the  erate 
area,  and  especially  in  view  of  the 
ever  increasing  cost  of  fuel  the 
ratio  of  heating  surface  to  grate 
area  should  not  be  less  than  25  to  1. 

Rate  of  Ckimbustion. — In 

steam  boilers  for  power  plants 
which  receive  constant  atten- 
tion, coal  is  generally  burned 
at  from  10  to  30  pounds  per 
square  foot  of  grate  per  hour. 
However,  in  heating  boilers, 
the  conditions  are  different. 
There  is  no  fireman  in  (in- 
stant attendance,  the  practice 
being  to  dump  on  the  grate  a 
considerable  quantity  of  coal 
sufficient  to  last  6  to  8  hours 
at  a  low  rate  of  aimbustion. 
This  requires  a  deep  fire  pot 
to  hold  the  considerable  depth 
of  fuel. 

Fig.  3.779. — International  boiler  parts  show- 
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For  house  heating  boilers  the  standard  combustion  rate  is  taken  at 
4  pounds  of  coal  per  square  foot  of  grate  per  hour,  but  for  larger  boilers 
such  as  used  for  Ui^e  buildings  where  the  firing  is  di^ie  more  £requentl; 
the  grates  are  proportioned  for  a  higher  rate. 

According  to  the  American  Society  of  Heating  and  Ventilation  Bngineeis: 
"The  grate  surface  to  be  provided  depends  on  the  rate  of  combustion 
and  this,  in  turn,  on  the  attendance  and  draught,  and  on  the  size  of  the 
boiler.  Small  boilers  are  usually  adapted  for  intermittent  attention  and 
a  slow  rate  of  combustion.  The  larger  the  boiler  the  more  attention  is 
given  to  it  and  the  more  heating  surface  is  provided  per  square  foot  of 
grate." 

DRAFT  DOOR  . 
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PRA 
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CONNECTING  ROB  wr.«,t.  i.ui^K 

COTTER  PINS 

Fig.  8.7S0. — ^NBtioncJ  tquBiB  Ihi»  with  namea  of  pBiti. 

"The  following  rates  of  combustion  are  common  tor  internally  6red 


to  18    20  to  30 
6  10 

The  following  table  from  Kent  gives  some  proportions  and 
results  that  should  be  obtained: 
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PropoTtiona  and  Performance  of  Heating  Boilers 


Low 

boiler 

Medium 
boiler 

High 
boiler 

I  square  foot  o£  grate  should  bum 

"      "        "     ■'      "         "      develop.. 

"        "     "      "     will  require.... 

'      "        "     supply 

3 

30,000 

15 

120 

4 

40,000 
20 
160 

5  pounds  coal  per 

50,000  B.t.u.  per 
hour 

25  sguare  feet  heat- 
ing surface 

200  square  feet  ra- 
diating  surface 

Pro.  3,781.— Gaa  buraer  and  n 


raifolds  (orsouarc  firepoU. 
u  spuds.  IninMtalthiB,VD 
nude  thmugli  the  giste  hois 


men  we  mounted  com- 
rs  are  placed  oq  top  the 
it  through  ash  piC. 


Points  on  Boilers. — In  the  selection  o£  a  boiler  it  is  well  to 
examine  closely  the  details  of  construction.  A  good  design 
should  embrace  the  following  features: 

1.  There  should  be  not  less  than  25  square  jeet  of  keatingsur- 
jace  per  square  foot  of  grate  area. 

If  manufacturers  would  stop  talking  so  much  about  "prime"  or  direct 
and  indirect  heating  surface,  and  state  the  total  amount  of  heating  surface 
provided  per  square  foot  of  grate,  and  its  arrangement,  the  piwchaser 


STEAM  HEATING  BOILERS 


2.  The  passages  through  which  the  hot  gases  traverse  the 
heating  surface  should  be  so  arranged  that  they  have  the  proper 


ONO   DtVISION 


SMALL  DIVISION 


length  of  travel  (guided  by  ba£Bes  or   j 
equivalent)  and  come  in  contact  with  ' 
all  the  heating  surface,  that   is,  short 
drcuiting  should  be  avoided. 


'iGs.  3,7SZta3.TS4,— Dmnonof  thehotnis.  Portqul 
travel  of  the  gates  ovet  the  hc«linB  nirface  tlie  man»- 
MoUlBMiml  Branttrntia  ^  fii.  3J^  is  Hry  autcfot 
Aa  the  Eases  are  split  up  into  more  divisions  w  in  figi- 
3,7^  and  B»7S1  each  beinfl  BtirfDunded  hf  heAtrng  su" 
facea,  evidently  (aamimna  adequate  rAmhrrtir 
chamber)  moni  heat  i»  absoAed  and  ihe  it 
ature  reduced,  because  the  ga 
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three  cases,  1,  non-division,  small  division,  and  multt-dimsicn  of  the 
gases,  as  shown  in  figs.  3,785  to  3,787.  Evidently  the  first  arrangement 
requires  nuineruos  passesfor  the  gas  to  travel  lor  proper  absorption  of  heat, 
whereas  with  the  eecond  or  third  arrangement  a.  shOTt  travel  will  suffice, 
the  len|;th  of  travel  depending  on  the  degree  of  diviaon  of  the  gases  as 
shown  m  the  figures. 


IHALL  DIVISION 


Figs.  3,785  to  3,787.— The 

tiBvel.  but  on  the  latio  of  the  I 

m«nt  or  disposition  of  th*  m ^__.  ._  ... 

boiler  for  instance  then  nut^  be  only  one  lane  and  long  tu) 
petatnre  of  the  ouea  eacapina  at  the  end  of  the  tube  will  as 
— --"--lateofc^l;     -  * "     ---  ■  "      ' 


B.  3,78fi  ffuj  be  leplacad  bi 


sveialamaUerandahoiter  tubegas  in  fig.  3 


3.  For  a  given  length  of  travel  of  the  hot  gases  the  effiaency 
of  the  heating  surface  decreases  with  the  number  of  turns,  as  in 
figures  3,788  and  3,789. 
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:pi 
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Whenever  the  direc- 
tioa  of  flow  is  changed, 
centrifugal  force  causes 
the  steam  of  hot  gases  to 
leave  one  surface  and  pile 
up  on  the  other,  short 
orcuitii^   the  abrupt 


4.  The  combustion 
chaanber  or  fire  pot 
should  be  large  so  as  to 
obtain  good  combus- 
tion. 

This  involves  for  equal 
grate  areas,  and  equal 
intervals  between  firings,. 
a  larger  fire  pot  for  high 
than  for  low  combustion 
rates,  in  order  to  provide^ 
space  for  the  larger  charge- 
ot  fuel  at  each  firing. 

5.  The  fire  box 
should  be  proportioneA 
according  to  the  rate 
of  combtistion,  and  in 
the  smaller  sizes  should 
have  considerable 
depth  below  the  fire- 
door  in  order  to  hold 
sufficient  charge  for- 
from  6  to  8  hours, 
operation  without  at- 
tention. 

itructlon,  there  i«  Bmnectina  with  the  coal 

, „- ,,._ina  outside  of  the  boiler  proper.    Bymttra- 

[m,  nhich  slides  in  this  coal  chute,  and  a  liffht,  wooden  lever,  nhich  operates  the- 
r,  coBl  whkb  has  been  placed  in  the  hopper  is  easily  pumped  through  the  chute^ 
o  the  grate  and  Dndemeath  the  body  of  burning  cosl.  The  fire  is  pushed  upwardl 
tward.  and  the  fteah  cosl  is  thus  surrounded  on  all  sides  and  the  top  by  fire. 
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3  LB.  RATE 

ics.  3,782  to  3.7W.— The  depth  ol 


4  LB.  RATE 

the  fin  pot  ihould  in 


thrown  into  thfl  furnace  at  each  lirintE  for  the  3-.  4-  and  &- ix>uQd  combuttida 
intervals  between  liring»  and  equal  grate  area.  Hence,  fir  diftrml  alimi 
,  th€  htghtr  the  raUnn  the  d99p9r  tiumid  Uu  firt  pot  be,  to  avoid  dtcreasai 


to  3,800.— Parta  of  Magee  boiler  above  the  bi 
dome,  damper,  and  puih  nipplo.      In  cftmttn 


C  fire  pot  intennediatf 
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i.  3,801.— United  Statu  "Cspitol"  horizontsl  boili 

v&ll.    tix  operation,  the  volatile  gasea  pass  frrnn  th 

Lwo  hOTizontal  opening  at  the  top 

miiing  chamber  back  o£  the  furnace  : 

mil  o7  fire  brick  at  the  rear  of  the  nuiing  chamb 

Miming  gase*  pouring  from  the  furnace  through 

mil  it  IS  constantly  mBintsini-H   nt  ft  tpmiuratiiTi 

100  degieea  above  the 
puaTSom  the  furascc 


It  is 


.nt.  the  temperature  at  which 

I  rear  of  the  boiler  ia  through 
isslightiy  less  than  the  area  of 
aimed  that  the  effect  of  this  a 

at  a  temperature  above  Che  is 


], 600  degrees  t 
1  while  they  ct 


Fig.  3,802. — PusS  nipple  used  to  join  together  ae 
accurately  machines  and  has  a  slight  taper  fio 
Kcticns.  by  drawing  the  sections  together  by  a. 


IS  of  cast  iron  boilers. 
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6.  There  should  be  a  wide  door  at  the  level  of  the  grate  and 
just  high  enough  to  permit  removing  clinkers;  it  is  called  the 
slice  door. 

7.  The  grate  should  be  of  the  shaking  and  dumping  type, 
easily  accessible  for  repairs,  and  of  a  standard  make  so  that 
dupHcate  parts  may  be  obtained. 

8.  The  ash  pit  should  be  large  and  deep  so  that  it  will  hold  a 
large  quantity  of  ashes. 


PlG.  3.SD4.— Usual  condition  of  the  ash  int  when  the  owner  cannot  pnt  off  tsMng  1 


With  the  inferior  and  careless  attention  (or  rather  non-attention)  usuallj' 
given  to  hoTise  heating  boilers,  ashes  are  allowed,  to  accumulate  until  they 
are  Qa^b  with  the  grate  bars  and  are  then  only  removed  because  th^ 
interfere  with  the  draught.  Of  course,  where  the  owner  does  his  own  firing 
and  can  stand  the  expense  of  frequent  grate  renewals,  he  may  adopt  this 
method  of  handling  the  ashes. 


STEAM  HEATING  BOILERS  2,141 

8.  There  should  be  a  positive  circulation  of  water  and  suffi- 
cient Uberating  surface  and  steam  space  provided  to  prevent 
priming  or  unsteady  water  level. 

9.  The  ratings  of  heating  boilers  as  given  in  maniifacturers' 
catalogues  may  be  as  a  rule  safely  accepted,  but  the  efficiency 
of  the  apparatus  should  be  seriously  questioned. 

The  amount  and  arrangement  of  the  heating  surface,  aixe  of  combustion 

chamber  and  grate  area  should  be  thoroughly  investigated. 


Pin.  3,805. — Gorton  arop  tube  magaiine  feed  vertical  br 

rn  Miulrucf  ton.  thf  ^[Ip.r  is  nrnde  in  two  parts,  the  I , 

It  or  the  water  leg,  Burrounds  the  fire.    They  a: 
L  pipen,  one  in  the  front  and  one  in  the  back  of  the  boiler.     The 
__    .    ,_  ...     la  down  into  the  upper  part  ct  the  water  leg,  and  the  space 

between  the  Ehell  and  the  water  leg  is  used,  for  the  coal  reservoir  and  cokiiifr  charnbers. 
The  reservoir  is  divided  into  four  compartments,  which  form  the  coldnR  chambera,  in  which 
the  coal  14  coked.  The  Are  pot  is  BO  constructed  that  sufficient  additional  air  is  dn&wn 
through  the  ring  at  the  lover  edge  of  the  coking  chamben  to  ignite  the  gases  ariaiiig  from  tlia 
GDldng  ptocesa,  ghring  good  combustion. 
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'.  Fiist  comes  the  bue.  6b.  S.SOe. 

.  .  .__  ...r;  fig.  3,807,  the  state  ban  mo  dropped 

o  their  sockeU;  fig.  S.BOH,  afUr  fuCening  gr&Ce  Bhakei  connectioni,  tbe  ante  ii  titUd 
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Construction  Details. — A  large  proportion  of  the  small  and 
medium  size  boilers  are  made  of  cast  iron.  This  material  not 
only  being  very  durable,  but  lends  itself  to  flexibility  of  design, 
the  sectional  method  of  construction  permitting  boilers  to  be 
shipped  knocked  down  and  carried  through  narrow  openings  in 
buildings. 


Pics.  3,806  to  3,812.— ComiBw J. 

by  Bhaldng,  the  back  half  is  being  operated  fig.  3.806:  the 
ifjto  place  DB-  3.809i  posh  nipples  are  inserted  nad  anoth* 


ie  bolts 


is  shown  in  ^.  3 
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Pigs.     3.814    t 

natkmal    basi 
aEh    pit   doo 
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Bate' — This  acts  as  a  support  for  the  fire  pot  and  heatii^  sections  of 
the  boiler.  It  should  be  so  proportioned  as  to  form  a,  deep,  commodious 
ash  pit  with  a  large  ash  door. 

Usually  a  draught  door  is  placed  in  the  middle  of  the  ash  door,  but  in 
some  designs,  it  is  found  on  the  side.  This  draught  door  should  bo  balanced 
so  accurately;  and  work  with  such  ease  that  it  will  open  and  close  with  the 
slightest  variation  of  the  steam  pressure  acting  on  the  r^ulat^^. 


ill 

nl 

If 
1  = 


111 


IS 

t  ..iS 

Aft 
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The  grate  is  located  in  the  top  of  the  base  and  is  on  important  part  of 
the  apparatus.  It  should  permit  of  both  shaking  and  dumping,  be  easily 
accessible  for  repairs  or  renewal.  Figs.  3,814  to  3,S32  shows  a  tvpical  base 
with  ash  and  diaught  doors  as  constructed  for  a  round,  vertical  boiler. 


Fire  Pot.— This  is 


most  vital  part  of  the  boiler  because,  especially 
on  account  of  the  inadequate 
heating  surface  usually  pro- 
vided  and  the  fact   that  the 


tube  boiler,  showing  B 


moved  from  the  fire,  the  larger 
the  .fire  pot  heating  surface 
and  its  coal  capacity,  together 
with  proper  combustion  space 
and  ample  water  passages,  the 
more  satisfactory  will  be  the 
boiler's  performance. 

The  fire  pot  in  vertical 
boilers  is  usually  made  in  a 
single  casting,  com^atioDS 
sometimes  being  provided  to 
increase  the  heatii^  surface. 

In  horizontal  boilers  it  is 
built  up  from  the  sections,  and 
also  in  some  vertical  boilers 
the  fire  pot  is  in  several  pieces. 
In  the  side  openings  are  pro- 
vided for  the  fuel  nnd  Sice 
doors,  the  bottom  of'  the  slice 
door  being  on  a  level  with  the 
grate. 

IntermedUite  Secttoiu. — 

Superposed  on  top  of  the  fire 
pot  of  vertical  boilers  are  one 
or  more  inUrmediaU  sections 
(sometimes  more),  consisting 
of  hollow  castings  containins 
the  water  to  be  heated,  anS 
whose  exterior  forms  hwititig 
surface. 

Flue  passages  of  pnmersrea 
are  provided  throu^  these 
castings,  being  staggered  in 
adjacent  sections  so  as  to  lead 
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The  practice  of  listing  several  sizes  of  boiler  according  to  the  number 
of  intermediate  sections  piled  up  on  the  fire  pot,  all  havu^  the  same  size 
grate  cannot  be  too  strongly  condemned;  that  is,  by  assumii^  different 
rates  of  combustion  and  adding  a  little  extra  heating  surface,  the  rated  radia- 
tion capacity  is  increased  60%  or  more.    As  a  matter  of  fact,  for  house 


Pios.3.S36Hild3,33e.— HaU  sections  of  Ideal  horizontal  heater  showins  Bow  of  BM«S  (fig. 3^5), 
and  drcBlatioD  (fig.  3,8361. 

heating  boilers  there  is  in  general  a  particular  rate  of  combustion  (depend- 
ing upon  the  intervals  between,  firing,  available  draughtj  kind  of  coal, 
etc.),  that  will  give  the  best  all  round  satisfaction.  If  this  rate  ot  com- 
bustion be  say  4  pounds  per  square  foot  of  grate  per  hour  and  the  capacity 
of  fire  pot  be  proportioned  for  8  hour  intervals  between  firings,  evidently 
a  different  rate  of  combustion  would  be  required  for  increased  radiation 
capacity,  or  else  a  larger  grate. 
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Pig.  3.S3B.— Gumey  down  draught  boiler.  Featureai  S«psr> 
to  top  and  side  drums,  cut  iron  sections  in  place  of  the  usual  < 
heatins  auiface,  acceButulity  for  cleoniiia,  steady  iraCer  Uoe,  sm 


Pig.  3.8*0. — Gumey  sectional  boilet  showing  heafino  lutface,  long  fire  traTel  and  horizontal 
strangement  of  water  tubes.     Cut  also  shows  method  of  dividing  each  section  into  half 
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Increased  capacity  with  the  some  size  grate,  means,  not  only  a  higher 
rate  of  combustion,  but  in  order  not  to  decrease  the  8-hour  interval  between 
firings,  a  larger  qiiantity  of  coal  must  be  put  on  at  each  firing  and  this 
means  a  deeper  fire  pot  to  hold  the  excess  coal,  and  a  hi^er  available 
drai^ht  in  oraer  1,  to  maintain  the  increased  rate  of  combustion,  and  2,  to 
force  the  air  throu^  the  greater  depth  of  fuel. 

In  the  selection  of  a  beater  these  items  should  be  con^dered,  also  that 
whereas  cast  iron  heaters  are  more  durable  than  wrought  iron  beaters, 
wrought  iron  is  a  better  conductor  of  heat  than  cast  iron,  thus  for  equal 
efficiency  more  heating  surface  should  be  provided  for  cast  iron  Uian  for 
wrought  iron. 


Pns.  3.S41. — Guruej'  sectional  boikr  witti  bridge  wall  lection  and  combiution  chambR'. 


In  the  case  of  a  vertical  cast  iron  boiler,  the  author  would  reconmiend  a 
high  boiler  consisting  of  several  intermediate  sections  in  preference  to  a 
low  boiler  without  these  sections,  because  the  ratio  of  heating  surface  to 
grate  area  is  increased.  In  support  of  this  advice  it  is  only  necessary  to 
quote  the  results  obtained  from  tests  (as  given  in  one  maiiufacturei''s 
catalogue),  several  cast  iron  boilers  all  having  the  same  size  grate,  but  with 
different  number  of  sections: 
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Steam  Heatinft  Boiler  Testa 


Number 

of 

boiler 

Fuel 

anthracite 

pounds  per 

square  foot 

of  grate 

Area 

of 
grate 

IS* 

of 

sections 

including 

dome 

Steam 

produced 

per  pound 

of 

coal 

8  hour 
rating 

square  feet 

0 

1 

1>^ 

4.39 
S.12 
5.28 
5.44 

1.23 
1.23 
1.23 

1.23 

1 
2 
3 

4 

8. 
8.5 
9. 

200 
250 
275 
300 

r  eaii«s,  G 


Since  the  number  of  sections  as  listed  includes  thetopordome,boilerO, 
Itad  no  intermediate  Gections.  It  will  be  noted  that  the  evaporation  in 
this  boiler  was  only  7.6  pounds  per  pound  of  coal,  and  that  even  with  tl 
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The  ratio  of  heating  surface  to  grate,  according  to  Kent  is  given  for  low, 
medium  and  high  boilers,  as  15,  20  and  25  to  1,  where  the  rat«  of  combustion 
is  respectively  4  and  5  pounds  of  coal  per  square  foot  of  grate  per  hour. 


1.    To  obtain  high  efficiency  under  normal  operation. 


3.    To  obtain  quicker  response  especially  in  starting  the  fire. 


Pig.  3.S43. — Idesi  syphon  steam  teKulator. 

Steam  Dome. — This  section  is  placed  on  top  of  the  inter- 
mediate sections  in  a  vertical  boiler  and  acts  as  a  cover  with  an 
outlet  to  smoke  stack  and  enclosed  space  for  steam  and  water. 
In  some  designs  the  dome  is  really  two  secticms  cast  in  one 
piece  that  is  two  water  spaces  with  a  smcJte  space  between. 

The  dome  is  usually  made  of  latter  diameter  than  the  water  section  to 
increase  the  extent  of  the  liberating  surface  and  provide  ample  spaix  for 
the  steam  so  as  to  avoid  priming. 

Automatic  Control. — In  order  that  steam  may  be  main- 
tained at  a  constant  pressure  during  the  long  intervals  when  the 
boiler  is  unattended,  some  method  of  automatic  control  of  the 
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fire  is  essential.     This  is  accomplished  by  means  of  a  diaphragm 
regulator  as  shown  in  figure  3,805. 

In  constnicticm,  two  oval  shaped  castings  form  the  caseof  ther^uUtor, 
the  upper  one  inverted  and  bolted  to  the  lower  one  with  a  rubber  diaphragm 
between.  The  lower  casting  is  connected  to  the  boiler  (preferably  below 
the  water  line),  so  that  the  steam  pressure  acts  on  the  lower  side  of  the 
diaphragm. 

The  upper  casting  has  an  opening  in  the  center  through  which  is  placed 
a  small  plunger,  whose  lower  end  rests  on  the  diaphragm  and  the  upper  end 
is  bolted  and  pivoted  to  a  long  lever  as  shown.  Oae  end  of  tie  lever 
is  connected  by  chains  to  the  draught  door  and  the  other  to  a  damper 
in  the  stack. 

An  adjustable  weif^t  is  adjusted  so  that  when  there  is  oo  steam  on  the 
boiler  it  will  push  down  the  diaphragm  and  elevate  the  end  connected  to 
the  draught  door,  which  opens  this  door  wide. 


Pic.  3,846.— Three  piece  fire  pot  of  NaUonal  bojlet  ihowing  cowugsled  walli  to  ftugmenl 
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DETAILS  AND  STRENGTH  OF  CONSTRUCTION 


Construction  Rules. — Manufacturers,  engineers  and  steam 
users  in  general  have  devoted  a  vast  amount  of  time  and  attention 
to  the  study  of  steam  boilers.  Much  has  been  written  and 
discussion  upon  the  subject  is  frequently  taking  place  among 
engineering  societies,  especially  with  reference  to  the  strength  of 
parts. 

Formerly  there  has  been  a  ^reat  lack  of  xiniformity  in  the  rules  by 
different  writers  and  by  legislation. 

In  marine  practice,  boilers  for  merchant  vessels  must  be  constructed  ac- 
cording to  the  rules  and  regulations  prescribed  by  the  Board  of  Supervising 
Inspectors  of  steam  vessels;  in  the  U.  S.  Navy,  according  to  rules  of  the 
navy  department,  and  in  some  cases  according  to  special  acts  of  Congress. 

In  some  states  such  as  Massachusetts  and  Ohio,  and  in  some  cities,  for 
instance,  Philadelphia,  the  construction  must  conform  to  local  laws,  but 
in  many  places  there  are  no  laws,  the  matter  being  left  to  the  individual 
engineers  and  boiler  makers. 

Lately  there  has  been  a  great  effort  toward  standardizing 
construction,  due  to  the  activity  of  the  American  Boiler  Manu- 
facturers Association,  American  Society  for  Testing  Materials, 
and  chiefly  to  the  work  of  the  American  Society  of  Mechanical 
Engineers,  which  in  1915  issued  its  boiler  code,  containing  rules 
of  construction  and  which  is  now  the  generally  accepted  standard, 
a  digest  of  these  rules  being  given  in  this  chapter. 
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Boiler  Plates. — This  term  was  formerly  used  to  denote  supe- 
rior qualities  or  brands  of  wrought  iron  rolled  out  into  sheets, 
suitable  for  constructing  shells  or  drums  of  steam  boilers,  but 
at  present  mild  steel  is  the  standard  material. 

A  disadvantage  of  iron  is  that  the  plates  were  much  shorter  and  narrower 
than  can  now  be  had  in  mild  steel,  because  steel  plates  have  no  grain  or 
fibre,  but  are  of  uniform  character,  and  can  accordingly  be  rolled  lengthwise 
or  crosswise  as  may  be  most  conveniently  done  in  the  rolling  mill.  TTie 
advantage  of  this  is  a  reduction  of  the  number  of  plates  and  riveted  joints 
comprising  a  shell. 

The  A.S.M£.  Code  requirements  for  boiler  plate  are  given  in  the 
chapter  on  boiler  materials: 


Marine  Rules — Boiler  Plate. 

Rule  1 , 1. — ^Bveiy  iron  or  steel  plate  intended  for  the  construction  or  repairs  of  bailers  to 
be  used  on  steam  vessels  shall  be  stamped  by  the  manufacturer  in  the  followmg  mamnen 

At  two  diagonal  comers,  at  a  distance  of  about  8  inches  from  the  edges,  and  at  or  near  the 
center  of  the  plate,  with  the  name  of  the  manufacturer,  place  where  manufactured,  and  the 
number  of  pounds  tensile  stress  it  will  bear  to  the  sectional  square  inch,  expressed  in  thousands. 

Every  iron  or  steel  plate  to  be  xxsed  in  the  construction  or  repairs  of  boilers  for  steamers 
navigated  under  the  provisions  of  Title  LII,  Revised  Statutes,  which  will  be  subject  to  tensile 
strain  in  said  boilers  shall  be  tested  and  inspected  by  an  inspector  duly  authorized  under  the 
provisions  of  said  title,  and  such  plates  shall  not  be  stamped  until  they  have  been  tested  by  the 
mspector.  and  each  of  such  plates  shall  then  be  stamped  by  the  manufacturer  in  the  presence 
of  the  inspector  with  the  minimum  ntunber  of  thousand  pounds  tensile  stress  it  will  bear  to  the 
sectional  square  inch. 

All  plates  which  conform  to  the  physical,  chemical,  and  other  requirements  prescribed  by 
these  rules  shall  be  stamped  by  the  inspector  near  the  manufacturer's  stamp,  with  the  official 
stamp  of  the  United  States  Steamboat-Inspection  Service,  and  with  the  initiias  of  his  name  and 
a  serial  number.     (Sec.  4430,  R.  S.) 

Rule  I,  2. — ^Plates  may  be  tested  and  inspected  at  the  mills  for  repairs  to  marine  boilers 
or  to  be  carried  in  stock,  the  report  of  such  test  to  be  in  duplicate,  one  copy  to  be  furnished 
through  the  supervising  inspector  to  the  local  inspectors  in  the  district  where  the  purchaser 
of  such  material  is  located,  and  the  other  to  the  purchaser,  who  shall  deliver  a  copy  of  the 
same  to  the  parties  using  the  material,  who,  in  turn,  shall  submit  the  same  to  the  local  m^pectars 
in  the  district  where  the  material  is  to  be  used ,  before  being  assembled  in  the  boiler.  Steamers 
carrying  such  repair  material  to  be  used  in  emergencies  shall  carry  the  record  of  each  sheet  of 
such  material  on  board.     (Sees.  4430,  4431 ,  R.  S.) 

Rule  1 , 3 . — Boilers  built  since  February  28 ,  1872,  of  material  stamped  and  tested  accoidisg 
to  the  requirements  of  section  4430,  Revised  Statutes,  and  having  a  record  thereof  in  the  office 
of  the  local  inspectors  in  the  district  where  the  boiler  was  built  or  intended  to  be  us^,  may  be 
used  for  marine  purposes,  notwithstandmg  that  such  boilers  may  have  been  used  for  other 
purposes,  if  in  the  judgment  of  the  local  inspectors  they  are  deemed  safe.     (Sec.  4430.  R.  S.) 

Rule  I,  4. — Steel  plates  shall  be  made  by  the  open-hearth  process,  except  that  steel  for 
plates  to  be  used  in  the  manufacture  of  boiler  tubes  may  be  made  by  the  Bessemer  process. 

Open-hearth  steel  shall  contain  not  more  than  .04  per  cent  of  phosphorus  nor  more  than 
.04  per  cent  of  sulphtir. 

The  manufacturer  shall  furnish  the  inspector,  with  each  order  tested,  a  certificate  stating 
the  process  by  which  the  steel  was  manufactured  and  a  copy  of  the  analysis  of  each  melt. 
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The  Shell. — ^Although  the  heat  transmitting  power  of  steel 
plate  even  of  considerable  thickness,  when  perfectly  clean  is 
beyond  anjrthing  demanded  in  boiler  practice,  it  is  a  fact  that 
a  very  thin  film  of  grease,  or  a  coating  of  scale  of  many  varieties 
in  composition  covering  a  plate  so  retards  the  rate  of  flow  of  heat 
through  the  plate  as  to  cause  its  temperature  to  rise  to  the  point 
at  which  its  tensile  strength  has  become  greatly  lowered.  This 
results  in  burning  or  serious  distortion  from  form,  often  pro- 
ducing blisters,  bulging  and  sometimes  complete  failure. 


Marine  Rules. — Boiler  Plate. — Continued 

The  anal3rsis  may,  if  deemed  expedient  by  the  Sui)ervisiiig  Inspector  General,  be  verified  at 
the  expense  of  the  manufacturer.     (Sees.  4405,  4430,  R.  S.) 

Rule  I,  5. — When  the  tensile  strength  determined  by  the  test  is  less  than  63,000  pounds, 
the  minimum  elongation  shall  be  26  per  cent  for  plates  three-fourths  inch  and  under  in  thickness 
and  22  per  cent  for  plates  over  three-fourths  inch  in  thickness .  The  quench  bend  specimen  shall 
bend  through  180°  around  a  curve  the  radius  of  which  is  three-fourths  the  thickness  of  the  speci- 
men. When  the  tensile  strength  determined  by  the  test  is  63,000  pounds  or  greater  the  mini- 
mum elongation  shall  be  22  per  cent  for  plates  three-fourths  inch  and  under  in  thickness,  and 
^  per  cent  for  plates  over  three-fourths  inch  in  thickness.  The  quench  bend  specimen  shaU 
bend  through  180°  around  a  curve  the  radius  of  which  is  one  and  one-half  times  the  thickness  of 
the  specimen.     (Sec.  4430,  R.  S.) 

Rule  1 , 6. — The  tensile  strength  shall  be  not  less  than  45,000  pounds  per  square  inch.  The 
elongation  shall  be  not  less  than  15  per  cent.  The  reduction  of  area  shall  be  not  less  than  15 
per  cent  for  45,000  pounds  tensile  strength,  and  for  each  increase  of  1 ,000  pounds  tensile  strength 
up  to  55,(X)0  pounds,  an  addition  of  1  shall  be  made  to  the  required  percentage  of  reduction  of 
area.  The  bend  test  specimen  shall  bend  cold  through  90°  around  a  curve,  the  radius  of  which  is 
not  greater  than  one  and  one-half  times  the  thickness  of  the  specimen.     (Sec.  4430,  R.  S.) 

Rule  I,  7. — ^Tension  test  specimens  shall  be  milled  with  the  following  dimensions:  Length 
at  least  16  inches,  ends  from  1>^  to  3^  inches  wide  by  about  3  inches  in  length,  and  parallel 
section  at  center  1  to  1 H  inches  wide  by  9  inches  in  length.  The  percentage  of  elongation  shall 
be  measured  in  a  gauge  length  of  8  inches. 

Where  specimens  are  to  be  tested  on  the  testing  machines  of  the  Steamboat-Inspection 
Service,  they  shall  be  1  inch  wide  at  parallel  section  in  center,  and  shall  not  exceed  2  inches  in 
width  on  the  ends. 

Bend  test  specimens  shall  be  at  least  12  inches  in  length  and  from  1  to  3^  inches  in  width, 
and  the  full  thickness  as  rolled.  The  edges  may  be  planed.  The  comers  shall  not  be  rounded, 
but  the  sharpness  may  be  removed  with  a  fine  file.  After  bending,  the  specimens  shall  show  no 
cracks  or  flaws  on  the  outside  of  the  bent  portion. 

Bend  test  specimens  for  steel  plates,  before  bending,  shall  be  heated  to  a  cherry  ted  as  seen 
in  the  dark,  and  quenched  in  water  the  temperature  of  which  is  about  82?  P. 

Two  tension  and  two  quench  bend  tests  shall  be  made  from  each  plate  as  first  rolled  from 
the  billet,  slab,  or  ingot. 

The  tension  test  specimens  shall  be  cut  from  diagonal  comers  and  the  bend  test  specimens 
shall  be  cut  from  the  other  diagonal  comers. 

The  finished  material  shall  be  free  from  all  injurious  defects,  and  shall  have  a  good  and  work- 
manlike finish. 

All  measurements  of  test  specimens  and  material  shall  be  made  by  any  standard  American 
gauge,  and  record  of  tests  shall  be  submitted  on  Fcrm  934.     (Sees.  4405,  4430,  R.  S.) 
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boilers  is  narrov^ly  limited.  For  boilers  with  shells  exposed  to  the  fire, 
experience  has  set  ^  inch  in  thickness  as  a  maximum  where  good  water  is 
available,  but  for  general  practice  ^/le  inch  in  thickness  is  undoubtedly  safer 
and  better. 

Having  adopted  this  limit  of  thickness  in  the  shell  of  such  boilers,  calcu- 
lation at  once  shows  that  either  the  diameter  of  the  boiler  must  be  small , 
if  moderately  high  pressures  be  desired,  or  in  the  presence  of  large  diameters, 
that  low  pressures  must  be  carried.  It  further  becomes  evident  that,  being 
limited  in  diameter  for  a  desired  pressure,  the  size  of  the  tmit  must  also 
be  limited. 

Courses. — The  quality  of  the  metal  having  been  selected,  the  number 
of  courses  or  sections  whidi  is  to  make  up  the  sliell  and  the  manner  of  riveting 
these  courses  together  must  have  thorough  consideration. 

Experience  has  demonstrated  that  it  is  always  better  to  use  one  plate  or 
sheet  for  each  circumferential  course,  thus  enabling  the  bringing  of  the 
longitudinal  joint  weU  up  above  the  fire  line  in  place  of  using  one  plate  tmder 
the  entire  length  of  the  boiler,  which  necessitates,  owing  to  its  limit  in  size, 
bringing  the  longitudinal  joints  down  into  the  gas  passage. 

In  earlier  times,  the  number  of  courses  of  which  a  boiler  was  made,  as 
previously  mentioned,  was  limited  by  the  power  of  the  mills  to  produce  large 
plates.  As  the  mills  have  grown,  larger  and  larger  plates  have  been  made 
and  used.  Experience  enough  has  now  been  gained  with  large  plates  to 
show  that  to  preserve  stiffness,  courses  should  not  exceed  nine  feet  in 
length  and  some  designers  prefer  that  a  foot  shorter  be  the  limit. 

Strength  of  the  Shell. — ^To  determine  the  strength  of  the 
shell  it  is  necessary  to  consider: 

1.  Steam  pressure. 

2.  Diameter  of  shell. 

3.  Thickness  of  shell. 

4.  Efficiency  of  the  joint. 

In  making  the  calculation^  a  section  of  the  shell  one  inch  long  is  taken  and 
its  diameter  is  expressed  in  mches  because  the  steam  pressure,  as  indicated 
by  the  steam  gauge,  means  the  pressure  acting  on  each  square  inch.  The 
thickness  of  the  shell  is  expressed  as  a  fraction  of  an  inch. 

Now  consider  a  one-inch  section  of  a  shell  10  inches  in  diameter  and 
suppose  the  lower  half  to  be  filled  with  concrete  and  the  upper  half  subjected 
to  a  steam  pressure  of  50  pounds  per  square  inch,  as  in  fig.  3,846. 

Since  the  shell  is  10  inches  in  diameter  and  one  inch  long,  evidently  the 
area  of  the  concrete  surface  exposed  to  the  steam  pressure  is  lOX  1  =  10 
square  inches,  and  as  there  is  50  pounds  steam  pressure  acting  on  each  square 
inch,  the  total  pressure  on  the  concrete  is 

50X10=500  pounds 
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This  total  pressure  is  plainly  carried  by  the  metal  of  the  sh^  at  A,  and  B , 
lience  haU  of  it  is  carried  by  A,  and  haU  by  B. 

For  clearness,  imagine  half  of  the 
shell  to  be  cut  away  and  the  lower 
half  supported  by  two  spring  scales 
as  in  fig.  3,847.  Now,  substitntinz 
for  the  steam  pressure  50-pound 
weights,  one  placed  on  each  square 
inch  of  the  concrete,  evidently  each 
scale  will  indicate  a  pull  of  250 
pounds,  that  is,  the  metal  of  the 
shell  at  A ,  is  subjected  to  a  force  of 
250  pounds  tending  to  pull  it  apart , 
the  same  conditions  existing  at  B, 
also.  This  force  must  be  expressed 
inpoundsper  M/uare/ncA because 
the  tensile  strength  of  the  metal  is 
taken  in  poimds  per  square  inch. 

Now  if  the  shell  were  one  inch 

thick  there  would  be  one  square 

inch  area  of  metal  in  section  A,  of 

.  the  shell,  hence  the  stress  in  the 

«  shell   would   be   250  poimds   per 

square  inch. 

If,  however,  the  shell  be,  say, 
only  J^  inch  thick,  the  area  of  sec- 
tion A,  would  be  J^X  1  =  H  square 
inch,  and  the  total  pressiu-e  of  250 
pounds  would  be  carried  by  only  J^ 
square  inch  of  metal,  hence  the 
stress  would  be  increased  8  times, 
that  is,  the  metal  would  be  sub- 
jected to  a  stress  of 
250 -^  3^ -250X8  =2,000  pounds 
per  square  inch 

Ques.     What   Important 
point  remains  to  be    con- 

iD  of  shetl,  illustrating   sldercd  ? 

Ans,     The  riveted  joint. 
Ques.    Why? 

Ans.     Because  the  strength  of  the  joint  is  always  less  than 
the  strength  of  the  plate. 


P 
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Ques.    What  is  the  ratio  of  the  strength  of  the  joint 
to  the  strength  of  the  plate? 

Ans.     The  efficiency  of  the  joint. 

Evidently,  from  figs.  3,846  and  3,847,  it  is  onl^  necessary  to  consider 
half  of  the  ^ell  to  determine  its  strength,  as  shown  in  fig.  3,848. 

In  boiler  construction  the  ends  of  the  plates  are  joined  together  usually 
by  riveting  instead  of  welding.  This  seam  or  joint  is  necessarUy  weaker 
than  the  solid  plate  because  part  of  the  metal  of  the  plate  is  cut  away  for 
holes  for  the  rivets,  hence  the  importance  of  considering  this  part  of  the 
shell. 

From  figs  3,846  and  3,847  it  is  evident  that  only  a  half  longitudinal 
section  of  the  shell  need  be  considered  in  calculating  the  strength.  Let 
fig.  3,848  represent  such  section,  and  imagine  that  the  thickness  of  the 
plate  end  be  reduced  so  that  section  J,  will  represent  the  strength  of  the 
joint  as  compared  with  full  section  P,  which  represents  the  strength  of  the 
solid  plate.  The  efficiency  of  the  joint  then  will  equal  area  J  -r-area  P. 
That  is  if  the  thickness  of  the  plate  be  J^  inch  at  P,  and  }-§  inch  at  J.,  the 
respective  areas  are  .25  and  .125  square  inches,  and  the  efficiency  of  the 
joint  is  .125  -5-25  =  .5,  or  50  per  cent. 

Example, — ^If  the  efficiency  of  the  joint  in  fig.  3,848  be  50  per  cent,  and 
the  plate  be  Ji  inch  thick  at  section  P,  what  is  the  stress  on  the  metal  at 
the  joint? 

The  total  pressure  coming  on  the  full  plate  section  is  250  potmds  and 
since  the  plate  is  34  inch  thick,  the  stress  on  section  P,  is 

250 -^  J^  square  inch  =  1,000  potmds 

The  efficiency  of  the  joint  being  50  per  cent,  the  area  of  section  J,  will 
be  one  half  of  P,  or  J^  of  J^  =  J^  square  inch,  hence 

stress  along  the  joint  =250 -7-3^= 2,000  poimds 

The  same  result  is  obtained  by  dividing  the  stress  on  the  solid  plate  by 
the  efficiency  of  the  joint,  that  is,  1, 000 -i-  .5 =2,000  pounds. 

From  the  foregoing  explanations  the  following  rules  must  be 
self  evident. 

I.  To  find  the  total  pressure  to  be  carried  by  the  shell 

RULE. — Multiply  the  gauge  steam  pressure  in  pounds  per  square 
inch  by  the  radius  of  the  shell  expressed  in  inches. 
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2.  To  find  the  streas  comlnft  on  the  shell 

Rule. — Diirid^  the  total  pressure  {as  found  in  \)  by  the  area  of  the  soKd 
^late  per  inch  lenglh  of  longitudinal  section,  and  by  the  effidmcy  of  tie 

Expressed  as  a  formula 

steam  pressureXradius  of  shell 
stress  tn  sheU- ^ 


thickness  of  solid  plate  *Xe^gieiency  of  joint 


Bursting  Pressure. — The 

determination  bf  the  bursting 
pressure  is  a  very  important 
calculation,  for  upon  this  de- 
peni^  the  maximum  pressure 
to  be  allowed  in  operation. 
The  bursting  pressure  depends 
upon: 

1.  Tensile   strength    of  the 
shell.  I 

2.  Thickness  of  the  shell. 

3.  Radius  of  the  shell. 

4.  Efficiency  of  the  joint. 

Considering  a  half  section  as  in 
fig.  3,849,  evidentlyif  the  mteraal 
pressure  acting  on  the  shdl  indi' 
cated  by  the  weights  be  sufficient 
to  bring  a  stress  in  the  metal  equal 
to  its  tensile  strength,  the  shell  will 
be  pulled  apart  or  ruptured  as 
shown,  the  rupture  taking  place  at 
the  weakest  section  of  the  joint. 


■fl— Half  section  c'  shell  iUuBtraUng  'NOTE.— Since  one  mchlength  of  sheila 
no  d™ii™  Th«  cMctite  Kales  being  considered,  the  thictpCs.  of  pl»H  a«d 
n  dfstribvltion  erf  wessiSe  due  to  the    area  of  longitudinal  sections  are  nasDraaOf 
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efficiency  of  the  joint  be  60  per  cent,  then  the  equivalent  thickness  of 
solid  metal  where  strength  is  equal  to  that  of  the  joint  is  50  per  cent  of 
Ji«}^inch. 

If  the  tensile  strength  of  the  metal  be  60»000  pounds  per  square  inch, 
y^  of  this  would  be  the  corresponding  force  necessary  to  rupture  joint ,  or 

H  of  60,000 =7,500  pounds 

That  is,  the  total  pressure  necessary  to  burst  the  boiler  is  7,500  pounds, 
acting  on  the  half  section,  and  since  this  pressure  is  distributed  over  an 
area  of  5  sqtiare  inches,  the  equivalent  steam  pressure  per  square  inch  is 

7 ,500 + 5  - 1 ,600  pounds 

Acco(rdingly,  the  following  rule 

1.  To  determine  the  bursting  pressure 

RULE. — Multiply  the  thickness  of  the  shell  {expressed  in  inches  or 
fraction  of  an  inch),  by  the  efficiency  of  the  joint  and  by  the  tensile 
strength  of  the  metal.  Divide  the  product  by  tlie  radius  of  the  shell  and 
the  result  will  be  the  bursting  pressure  in  pounds  per  square  inch. 

Factor  of  Safety. — Because  of  the  disastrous  consequences 
lA'hicli  attend  boiler  explosions  it  is  necessary  that  boilers  be  of 
sufl&cient  strength  to  withstand  several  times  the  maximum  pres- 
sure of  operation  or  working  pressure*. 

The  ratio  of  the  bursting  pressure  to  the  working  pressure  is 
called  the  factor  of  safety,  that  is 

factor  of  safety  ^bursting  pressure-i-working  frmsure 

The  Working  Pressure. — The  maximimx  pressure  to  be 
allowed  at  which  it  is  considered  safe  to  operate  a  boiler  depends 
on: 

1.  Tensile  strength. 


*NOTE. — ^The  working  prmaure  is  the  maanmutn  pressure  safe  to  carry  on  a  boiler  con' 
sistent  with  the  factor  of  safety  employed  in  the  design;  it  should  not  be  confused  with  the 
running  pressure,  that  is,  with  the  pressure  ordinarily  carried  in  running  the  exigine.  The 
safety  valve  is  usually  set  to  blow  off  at  the  working  pressure,  hence,  the  runninji  pressure 
of  necessity  must  be  lower.  If  the  working  pressure  of  a  boiler  be  100  pounds  and  the 
bursting  pressure  be  600  pounds,  then  the  factor  of  safety  is,  600-i-lOO  «6. 
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2.  Thickness  of  the  shell. 

3.  Radius  of  sheU. 

4.  Efficiency  of  the  joint. 

5.  Factor  of  safety. 


ptates  J^  inch  thick,  efficiency  of  joint  87  per  cent,  factor  of  safety  6. 

''-  £!OiiM2L8lJi=  3,915  LBS 

P 

p,9lS-r2S-lS6.6  LBS. 


Pig.  S.USO.— HbIE  section  of  d>dl.  iUustntJns  metbod  o 


A  tensile  strength  of  60,000  pounds  corresponds  to 
60,O0OX  5i =22,500  ponnds 


22,5004-5=4,600  pounds 

Qmddering  the  efficiency  of  87  per  cent  of  the  joint,  this  load  must 
be  r»]uced  to 

87  per  cent  of  4,500=3,915  pounds 

not  pounds  per  square  inch,  but  the  mailmum  eUlowabU  force  tending 
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to  pull  the  metal  of  the  shell  apart.  Since  this  force  is  distributed  over 
the  radius  of  the  shell  or  60-i-2  »25  inches  (that  is,  25  square  inches,  consid- 
ering 1  inch  length  of  shell),  the  maximum  allowable  working  pressure  is 

3,915 4-25 »156H  pounds 
Expressed  as  a  formula  the  problem  becomes 

^  tensile  strengthX  thickness  of  plateX  efficiency  of  joint 

^  ^  ^  radius  of  shellX  factor  of  safety 

or  using  thie  usual  symbols 

Working  Pressure  =    ^y^^ 

in  T^fakh 

T^tiltimate  tensile  strength  stamped  on  shell  plates,  pounds  per 
sqviare  inch. 

t=  minimum  thickness  of  shell  plates  in  weakest  course,  inches. 

E= efficiency  of  longitudinal  joint  or  of  ligameni;s  between  tube  holes 
(whichever  is  the  least). 

Rsinside  radius  of  the  weakest  course  of  the  shell  or  drum,  inches. 

Fss factor  of  safety,  or  the  ratio  of  the  ultimate    strength  of  the 
material  to  the  allowable  stress. 


Thickness  of  the  Shell. — ^After  figuring  the  size  of  a  boiler 
for  a  given  <  apaity,  about  the  first  problem  that  confronts  the 
designer  is  to  determine  the  proper  thickness  necessary  for  safety. 
This  depends  on :  « 

1.  Working  steam  pressure. 

2.  Radius  of  the  shell. 

3.  EflSciency  of  the  joint. 

4.  Tensile  strength  of  the  plate. 

5.  Factor  of  safety. 

The  following  example  will  serve  to  illustrate  the  method  of 
solving  the  problem. 
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Example. — What  thickness  of  shell  is  required  for  a  liO-inch  boiler  suit- 
able for  125  pounds  worUiig  pre^ure,  if  the  tensile  Gtreneth.  of  the  plates 
be  60,000  pounds,  eSdency  oif  joint  83  per  cent,  factw  of  safety  6. 

The  total  pressure  to  be  carried  by  the  shell  is  equal  to 

radiuaX working  pressure^25X  125  =3,125  pounds 

Since  the  factor  is  5,  the  shelt  must  be  strong  enou^  to  withstand  5 
times  this  load  or 

6X3,125  =-15,625  pounds 


>i  ■bell,  illustrating  methnd  o: 


15,625+60,000=.26inch 

Now,  since  the  effidency  of  the  joint  is  only  82  per  cent,  the  thickness  of 
the  shell  is 

,26 + .82  -  .317  or  say  »ii  inches 

According  to  the  A.S,  M.E.  Code,  the  minimum  thickness  of  boiler  shell 
plates,  and  dome  plates  after  flanging,  shall  be  as  follows: 
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Minimum  Thickness  for  Boiler  Plate  (A.S.M.E.  Boiler  Code) 


Diameter  of  Boiler 

36 

inches 
or  under 

36 
to 

54  inches 

64 

to 
72  inches 

Over 
72 

72  inches 

Minimum  thickness  of  plates. 

^inch 

«/iflinch 

J^inch 

^inch 

Thus  the  calculated  thickness  comes  within  the  limit  of  the  table. 

Riveted  Joints. — The  ends  of  the  plate  or  plates  forming  a 
course  or  band  section  of  the  shell  are  joined  together  by  rivets, 
and  since  part  of  the  metal  must  be  cut  out  of  the  plate  to  provide 
holes  for  the  rivets,  the  strength  of  the  joint  is  always  less  than 
that  of  the  solid  plate,  though  by  the  use  of  the  more  complicated 
forms  of  riveted  joint,  the  strength  of  the  latter  can  be  made 
almost  equal  to  that  of  the  solid  plate. 

The  various  forms  of  riveted  joint  have  become  well  standard- 
ized during  the  advance  in  the  art  of  boiler  making,  and  these 
various  forms  may  be  classified  as: 


f  single  riveted 
{d(  " 


1 .  Lap  joints  {  double  riveted 

\  with  cover  plate 

I  double  riveted 
triple  riveted 
quadruple  riveted 
quintuple  riveted 

Ques.  What  is  the  diflference  between  a  lap  and  a  butt 
joint? 

Ans.  The  plate  ends  overlap  to  form  a  lap  joint  and  register 
with  each  other  to  form  a  butt  joint  as  shown  respectively  in 
figs.  3,852  and  3,853. 


NOTE. — ^The  likelihood  of  failure  by  shearing  of  riveta  and  by  tearing  of  the  plate  will 
be  equalised  when  the  shearing  strength  of  the  rivets  is  equal  to  the  tearing  strength  of  the 
plate  between  rivet  holes.    In  the  case  of  a  lap  joint  the  rivet  will  shear  at  only  one  section. 
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Ques.    What  is  the  ob- 
jection to  a  lap  joint? 

Ans.  The  plate  end, 
through  which  the  rivets  passs 
being  in  different  planes,  the 
pullis  not  direct,  but  tends  to  I 
twist  the  plates,  frequently 
causing  them  to  bend  as  ' 
shown  in  fig .  3 ,859 ,  and 
sometimes  resulting  in  an 
explosion. 

The  Hartford  Steam  Boiler  In- 
surance Co.  criticise  the  lap  joint 
as  follows: 

"The  fearfiJ  boiler  explosion 
at  Brocltton,  Mass.,  was  due  to 
an  tmdiscoverabte  defect  known 
as  a  'lap  joint  crack'.  Althou^ 
tiiere  is  nothing  new  about  tms 
defect,  which  has  been  known 
and  recognized  for  many  years 
among  boiler  experts,  yet  the 
terrible  Brockton  disaster  has 
attracted  greater  attention  to  it, 
and  the  general  interest  that  is 
felt  is  wel!  shown  by  the  many 
letters  that  we  have  rec«ved  and 
also  by  the  numerous  articles 
that  have  appeared  in  periodi- 
cals, both  technical  and  general-" 

For  the  girth  or  drcumferential 
seam  which  runs  around  the 
boiler  there  is  no  great  objection 
to  the  lap  joint,  but  for  a  loi^- 
tudinal  seam  where  the  deposi- 
tion of  the  metal  is  not  sudi  as 
to  resist  so  effectively  the  twirt- 
ing  action,  only  the  butt  and 
double  strap  joint  should  be  used 
on  boilers  lor  moderate  or  high 
pressures. 
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Ques.     In  designing  a  riveted  joint  what  is  the  chief 
object  In  view? 


Pigs.  3,854  and  SSGfi.— Butt  joiat  irith  two  coven. 


:....:....r. j 

o 

o 

o 

o 

( 

) 

o 

o  ■ 



Ans.     To  so  proportion  it  that  it  will  be  equally  strong  against 
failure  by  all  possible  ways  of  breaking. 


2,170    DETAILS  AND  STRENGTH  OF  CONSTRUCTION 

These  are:  1,  shearing  of  the  rivets,  2, 
tearing  apart  of  the  plate  along  the  last  row  of 
rivet  holes,  3,  crushing  down  of  the  metal  in 
front  of  the  rivets,  or  the  rivet  itself,  4,  shearii^ 
of  the  metal  between  a  rivet  and  the  ed^e  of 
the  plate  (this  is  possible  only  in  case  of  smgLe 
riveted  joint),  6,  a  combination  of  any  of  these 
items  just  mentioned. 

Ques.  What  is  the  distance 
between  centers  of  adjacent  rivets  in 
the  same  row  called  F 

Ans.  The  pitch,  as  shown  in  fig.  3,860. 
I  Ques.  What  Is  diagonal  pitch? 
g  Ans.  It  is,  where  there  are  two  or 
I  more  rows  of  rivets,  the  distance  between 
'S  the  centers  of  diagonally  adjacent  rivets, 
I      as  shown  in  fig.  3,860. 

I  Ques.    What  Is  back  pitch? 

I  Ans.    The  distance  between  the  center 

I  lines  of  any  two  adjacent  rows  of  rivets 

^  measured  at  right  angles  to  the  direction 

g  of  the  joint  as  shown  in  fig.  3,860. 

^  Ques.    What  Is  the  diStxence  be- 

.  I  tween  single  and  double  shear  ? 

I  Ans.    Single  shear  occurs  in  one  plane 

9  as  in  a  lap  joint,  and  double  shear  in 

«  two  planes  as  in  a  butt  and  double  strap 

a  joint. 


I 


Ques.    What  is  the  advantage  of 
double  shear? 
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Ans.  The  force  necessary  to  shear  a  rivet  in  one  plane  as  in 
single  shear  is  equal  to  the  cros&^sectional  area  of  the  rivet  multi- 
plied by  its  shearing  strength,  hence  if  it  shear  in  two  planes  as 
in  double  shear,  the  force  necessary  to  shear  the  rivet  is  doubled. 

In  practice  it  is  taken  at  IJi  to  allow  for  imperfection  of  construction 
whereoy  more  force  may  be  exerted  on  the  rivet  by  one  strap  than  by  the 
other. 


Fxo.  3,860. — ^Double  riveted  butt  joint,  illustmting  pitch,  dU^tonal  pitch  and  hack  pitch, 

Ques.    What  is  the  efficiency  of  a  riveted  joint? 

Ans .     The  ratio  which  the  strength  of  a  unit  length  of  a  riveted 
joint  has  to  the  same  unit  length  of  the  solid  plate. 


NOTE. — The  efficiency  Increases  as  the  rivet  diameter  and  pitch  is  increased;  there  is, 
however,  a;practical  limit  to  the  increase  of  the  diameter  due  to  the  difficulty  of  heading  up 
very  larg^  nvets,  and  a  Ihnit  to  the  increase  of  the  pitch  due  to  the  necessity  of  guarding  against 
ealnge. 
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Que«.  How  is  the  strenftth  of 
a  riveted  joint  detennined? 

Ans.  It  depends  on  whether  the 
plate  or  the  rivets  be  the  stronger 
o£  the  two. 

Theoretically  in  a  properly  designed 
joint,  the  strength  of  the  pfate  and  that  d 
the  rivets  Ghould  be  equal  so  that  there 
will  be  no  more  chance  of  failure  in  one 
way  than  the  other.  However,  in  practice 
since  corrosion  usually  affects  the  plate 
only,  it  is  often  considered  good  practice  to 
make  the  plate  sl^tly  Etronger,  so  that 
even  after  some  wastinjg  by  corrosion  the 
joint  may  still  be  in  fav  proportion  as  to 
the  relative  strength  of  plate  and  rivets. 

How  to  Calculate  a  Riveted 
Joint. — In  determining  the  strength 
of  any  form  of  riveted  joint  a  tmit 
length  or  element  of  the  joint  is  taken, 
the  length  considered  depending  upon 
3  i  6     the  arrangement  of  the  rivets  and  is 

^  ll     equal  to  the  greatest  pitch. 

■gl  Evidently  no  further  section  need 
^^  be  considered  because  the  entire 
£i  seam  is  composed  of  similar  elements 
|a  having  the  same  symmetrical .  ar- 
oM  rangement  of  rivets  and  plate  metal. 
ij»f  In  calculating  any  riveted  joint 
isfi  there  are  these  three  things  to  be 
r  m"  &  determined: 
■sl     

i  H  NOTE.— "Ths  investigation  o(  Ott  ttrmpb  of 

g.9  riveted  joints  by  any  eunpie  tbsory  a  nec«»irily  qoia 

ab_  ja  imperfect,  because  we  do  not  kDo«  in  Jiut  what  wvy 

n  €  the  fltres  19  distiibuted  through  the  remuninff  pait  (tf 

^J  theplate.northrouBhtheMCtwn  of  the  rivet,  nor  whit 

□  i3  allowance  to  make  for  the  frictioud  irip  ^  liie  joiat  " 
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1.  Strength  of  the  plate. 

2.  Strength  of  the  rivet  or  rivets. 

3.  Efficiency  of  the  joint. 

The  method  of  calculating  the  various  riveted  joints  will  now 
be  given. 

Sin^e  L^  Joint. — ^This  is  the  simplest  and  most  inefficient 


^  altnunt  of  tlio  scam  to  be  ooaaidered  in 

d«tcnnininethe  Btreqgth  o{  tha  joint.  The  shaded  poitioa  ABCD  is  the  elemeati  iUequvii- 
lent  A'B'CD'  ma;  alw>  b«  contend  as  an  element  . 

joint,  and  is  made  by  lapping  the  plate  ends  a  proper  distance 
and  securing  with  a  single  row  of  rivets. 

In  fig.  3,863,  ABCD,  is  the  element  of  the  }oint  to  be  considered.  Evi- 
dently,  since  R,  has  been  cut  out  of  the  plate  for  the  rivet,  the  solid  metal 
of  the  plate  left  to  resist  the  puU  b  M+S,  or  dnce  M+R+S  is  equal  to  the 

Slrengtk  of  plaU  -  thicknessX  ipiuh—diam.  of  Tivet)Xtetuiit  sirengfk; 
or,  as  expressed  with  the  usual  symbols 

Strength  of  plate=<  (P— <f)  T (1) 
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in  which  /» thickness  of  plate;  Pa  pitch;  d^"  diameter  of  rivet,  and  T^ 
tensile  strength. 

Similarly 

strength  of  rivets  section  area  of  rivetX  shearing  strength 
or  expressed  as  a  formula: 

strength  of  rivet  =-  .7854  <PXS (2) 

in  which  .7864  <I*  >- section  area  of  rivet,  and  S» shearing  strength. 

Now,  if  the  tensile  strength  of  the  plate  be.  say  60,000  lbs.  per  sq.  in. 
of  section,  and  say,  40,000  lbs.  per  sq.  in.  of  section  for  the  rivet,  then 

40  000 

Shearing  strength  of  rivet  »     *^>^^  tensile  strength  of  plate,  or 

that  is  9 

S-gT (3) 

Hence,  substituting  this  value  for  S,  in  equation  (2) 

Strength  of  rivet-.7854  <f*x|  T-.524  i»  T (4) 

o 

Now,  for  equal  strength  of  plate  and  rivet  the  values  obtained  in  (1) 
and  (4)  for  strength  of  plate  and  rivet  must  be  equal,  that  is 

t(P^)T«,5Ud^T 
or  (5) 

t  (P-^)  -  .624  <P 

The  strength  of  the  solid  plate  must  be  omsidered  to  determine  the  ef- 
ficiency of  the  joint.    Evidently 

Strength  of  solid  plate  =^thicknessXpitchXtensile  strength  »/  PT         (6) 

Now,  since  efficiency  of  the  joints  strength  of  joint -i-strengtli  of  solid 
plate,  and  since  strength  of  plate  at  the  joints  strength  of  the  rivet,  then 
form  equations  (1),  (4)  and  (6). 

t  (P— J)  T  -  .624  <i«  T 


Efficiency  =      ^^     ,      ^^ 
or  reduced  to  lowest  terms 


Effidency-V-*^  ^ 
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One  item  not  considered  in  the  calculations  just  given  is  the 
strength  ot  the  plate  against  shearing  between  rivet  and  edge  of 
plate  as  shown  in  fig.  3,865* 

This  is  guarded  against  by  placing  the  rivet  hole  at  a  proper  distance 
from  the  ed^e  of  the  plate,  which  by  experience,  is  found  to  be  about  cme 
diameter  soUd  metal,  that  is,  1}^  diameters  from  edge  of  plate  to  center 
of  rivet  bole. 


Figs.  3,864  and  3,865. — ^Failures  of  riveted  joints;  fig.  3.864,  fracture  between  rivets;  fig.  3.865 
^lit  and  double  sheer  between  rivets  and  edge  of  plate.  The  fitst  is  caused  by  the  rivets 
being  too  close  together,  that  is,  not  enough  metiu  in  the  plate  between  rivet  holes,  and 
the  second  is  due  to  insufficient  metal  between  rivet  holes  and  edge  of  the  plate. 


In  practice,  the  diameter  of  the  rivet  is  taken  at  from  1.5  to  2.5  times  the 
thickness  of  the  plate,  the  lower  values  beine  more  commonly  employed 
with  very  thick  plates  on  account  of  the  difficulty  of  heading  up  excessively 
large  rivets,  and  the  necessity  of  a  moderate  pitch  to  allow  proper  calking 
to  prevent  leakage.  In  order,  furthermore,  to  guard  agamst  danger  oc 
rupture  by  crushing  the  upper  limit,  2.5,  should  not  be  exceeded. 
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The  foregoing  calculations  are  intended  to  illustrate  the  prin- 
ciples involved,  and  if  thoroughly  understood  there  shotild  be  nc 
difficulty  in  applying  them  to  the  more  complicated  joints. 

The  American  Society  of  Mechanical  Engineers  has  made  an 
exhaustive  study  of  the  subject  and  in  *its  boiler  code  have 
formtilated  rules  for  calculating  the  various  forms  of  joint, 
which  will  now  be  given. 


RIVETED  JOINTS 

Accordit^  to 

A.S.M.E.  Boiler  Code 


Efficiency  of  Riveted  Joints. — The  ratio  which  the  strength 
of  a  unit  length  of  a  riveted  joint  has  to  the  same  unit  length  of 
the  solid  plate  is  known  as  the  efficiency  of  the  joint  and  shall  be 
calculated  by  the  general  method  illustrated  in  the  examples 
which  follow: 

In  the  examples  the  following  notation  is  used: 

TIS^ tensile  strength  stamped  on  plate,  lb.  per  sq.  in. 

/= thickness  of  plate,  in. 

ft = thickness  of  butt  strap,  in. 

P= pitch  of  rivets,  in.,  on  row  having  greatest  pitch 

d = diameter  of  rivet  after  driving,  in.  =  diameter  of  rivet  hole 

a = cross-sectional  area  of  rivet  after  driving,  sq.  in. 

5 s shearing  strength  of  rivet  in  single  shear,  lb.  per  sq.  in.,  as  given 
in  Par.  16,  page  2,177 
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S  B shearing  strength  of  rivet  in  double  shear,  lb.  per  sq.  in.,  as  given 
in  Par.  16 

c    =  crushing  strength  of  mild  steel,  lb.  per  sq.  in.,  as  given  in  Par.  16 

n  =  number  of  rivets  in  single  shear  in  a  imit  length  oi  joint 

N  =  number  of  rivets  in  double  shear  in  a  imit  length  of  joint. 

Example  2. — Lap  joint,  longitudinal  or  circumferential,  single-riveted 
(fig.  3,866). 

A  =  strength  of  solid  plate  =  PX/Xr5 

B  =  strength  of  plate  between  rivet  holes  =  (P — d)tXTS 

C= shearing  strength  of  one  rivet  in  single  shear^anX^Xa 


Fig.  3,866. — Example  of  lap  joint,  longitudiaally,  and  circumferentially  single  riveted. 


A.&MJE,  BfUler  C!ode. — Ultimate  strength  of  ttuOerials  used  in  computing  joints. 

12  Cast  iron  shall  not  be  used  for  boiler  and  stii>erheater  mountings,  such  as  nozzles, 
connecting  pipes,  fittings,  valves  and  their  bonnets,  for  steam  temperatures  of  over  450  deg. 
Fahr. 

14  Tensile  Strength  of  Steel  Plate.  The  tensile  strength  used  in  the  computations  for  steel 
plates  shall  be  that  stamped  on  the  plates  as  herein  provided,  which  is  the  minimum  of  the 
stipulated  range,  or  55,000  lbs.  per  sq.  in.  for  all  steel  plates,  except  for  special  grades  having  a 
lower  tensile  strength. 

15  Crushing  Strength  of  Steel  Plate.  The  resistance  to  crushing  of  steel  plate  shall  be 
taken  at  95,000  lb.  per  sq.  in.  of  cross-sectional  area. 

16  Strength  of  Rivets  in  Shear.  In  computing  the  ultimate  strength  of  rivets  in  shear,  the 
following  values  in  pounds  per  square  inch  of  the  cross-sectional  area  dt  the  rivet  shank  shall  bft 
used: 

Iron  rivets  in  single  shear 38,000        Steel  rivets  in  single  shear 44,000 

Iron  rivets  in  double  shear 76,000        Steel  rivets  in  double  shear 88,000 

The  cross-sectional  area  used  in  the  computations  shall  be  that  of  the  rivet  shank  after 
driving. 
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D  » crushing  strength  of  plate  in  front  of  one  rivet  ^ttKtXc 

Divide  B,  CotD  (whichever  is  the  least)  by  A ,  and  the  quotient  will  be  the 
efl&ciency  of  a  single-riveted  lap  joint  as  shown  in  fig.  3,866. 


TS  >-55,000  lb.  per  sq.  in. 
I«"K  in.  ■■.25  in. 
P-lHin.«1.625in. 
4f«"/i6tn.-.6875in. 
«M.3712  8q.  in. 
J  •il.OOO  lb.  per  sq.  in. 


e  —95,000  lb.  per  sq.  in. 
A  -1.625X.25X55.000 -22.343 
B -(1.625— .6875)  .25X55.000-12300 
C -1X44.000X.3712 -16,332 
£>-.6875X.25X95.000-16.328 


22.348  6?^  "  '^^^  -eflfidency  of  joint 


r 


.^r 


i>''j 


,^- 


PiO.  33^7. — Example  of  lap  joint,  longitudinally  and  drcumferentially  double  riveted. 


Example    2. — ^Lap    joint,    longitudinal    or    circumferential,  double- 
riveted  (fig.  3,867). 

« 

A  -strength  of  solid  plate  =  FXtXTS 

B  «  strength  of  plate  between  rivet  holes  « (Pr-d)  tX  TS 

C«- shearing  strength  of  two  rivets  in  single  shear»»X5Xa 

i) —crushing  strength  of  plate  in  front  of  two  rivets  —nXJX^Xc 

Divide  B,  C.  or  D  (whichever  is  the  least)  by  A ,  and  the  Quotient  will  be  the 
efficiency  of  a  double-riveted  lap  joint,  as  shown  in  fig.  3,867. 
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TS  -55,000  lb.  tier  sq.  in. 
<>«i^in.«.3125in. 
P-'2j^in.-2.875in. 
d'^^  in. ». 75  in. 
a  «*.4418  sq.  in. 
s  ■■44,000  lb.  per  sq.  in. 

86,623  (B) 


49.414  (A) 


c  —QS.OOO  lb.  per  sq.  in. 
A  -2.875X0.3125X55.000*49414 
J5 -(2.875— .75)  .3125X65,000-36,623 
C  -2X44.000X.4418  -38.878 
D  -2X.f5X.3125X95.000  -44.531 


—.739  —efficiency  of  joint 


Example  3. — ^Butt  and  double-strap  joint,  doubl&-riveted  (fig.  3,868). 


Pig.  3,868. — ^Example  of  butt  and  double  strap  joint,  double  riveted. 

A  =  Strength  of  solid  plate  '^PXtXTS 

B = strength  of  plate  between  rivet  holes  in  the  outer  row  =  (P — d)  tXTS 

(7 —shearing  strength  of  two  rivets  in  double  shear,  plus  the  shearing 
.        strength  of  one  rivet  in  single  shear  =  iVX5Xa4-»X5Xa 

Z> = strength  of  plate  between  rivet  holes  in  the  second  row,  plus  the  shear- 
ing strength  of  one  rivet  in  single  shear  in  th^e  outer  row  =»  (P — 2d) 
/Xr5+«X5Xa 
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■i^^b-i^i^^^^ 


E  =  strength  of  plate  between  rivet  holes  in  the  second  row,  plus  the  crush- 
ing strength  of  butt  strap  in  front  of  one  rivet  in  the  outer  row  = 
(P— 2d)  tXTS-\-dXbXc 

Fsss crushing  strength  of  .plate  in  front  of  two  rivets,  plus  the  crushing 
strength  of  butt  strap  in  front  of  one  rivet  =  NXdXtXC'\'nXdXbXc 

G""  crushing  strength  of  plate  in  front  of  two  rivets,  plus  the  shearing 
strength  of  one  rivet  in  single  shear  =  NX dXtXc 4-»X sXa 

jff""  strength  of  butt  straps  between  rivet  holes  in  the  inner  row=s  (P— 2<i) 
2bXTS,  This  method  of  failiire  is  not  possible  for  thicknesses  of 
butt  straps  required  by  these  rules  and  the  computation  need 
only  be  made  for  old  boilers  in  which  thin  butt  straps  have 
been  used.  For  this  reason  this  method  of  failure  will  not  be  con- 
sidefed  in  other  joints. 

Divide  B,  C,  D,E,F,G  or  H  (whichever  is  the  least)  by  A ,  and  the  quo- 
tient will  be  the  efficiency  of  a  butt  and  double  strap  joint,  double- 
riveted,  as  shown  in  fig.  3,868. 

TS  mSSjOOO  lb.  per  sq.  in.  a  ^.6013  sq.  in. 

i»Hm.^ .375  in.  s  —44.000  lb.  per  sq.  in. 

d  «!>!«  in. » .3125  in.  S  "^SS.OOO  lb.  per  sq.  in. 

P»4j|in.»4.875in.  « -05.000  lb.  per  aq.  tn. 
d«>^in.-.875in. 

Number  of  rivets  in  single  shear  in  a  unit  length  of  joint  —I. 
Number  of  rivets  in  double  shear  in  a  unit  length  of  joint  —2. 

A  «4.976X.875X«6,000 -100,547 

B -(4.875— .876)  .375X55,000-82,500 

C-2X88,000X.6013H-1X44,000X.6013  -132,286 

D  -(4.875— 2X.875)  .375X55,000+ 1X44,000X .6013  -90.010 

£  -  (4 .875— 2X  .875)  .375X55,000+  .875X  .3125X95 ,000  -90.429 

F  -2X.875X. 375X95,000+ .875X. 3125X95,000  -88,320 

G -2X.875X.375X95,00O+lX44,00OX.6013 -88.800 

82,500  (B)       o«    ,uis  •  *  •  •  * 

100,547  (A)  ■  -^2  -^««^cy  of  jomt 

Example  4, — ^Butt  and  double  strap  joint,  triple-riveted  (fig.  3,869). 

il  "Strength  of  solid  plate=PX^Xr5 

B = strength  of  plate  between  rivet  holes  in  the  outer  row  =  (P — d)  tXTS 

C= shearing  strength  of  foiu*  rivets  in  double  shear,  plus  the  shearing 
strength  of  one  rivet  in  single  shear  ^  NXSXa4-nXsXa 

D  =  strength  of  plate  between  rivet  holes  in  the«econd  row,  plus  the  shearing 
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strength  of  one  rivet  in  single  shear  in  the  outer  rowa«(P — 2d) 
tXTS-^-nXsXa 

JS = strength  of  plate  between  rivet  holes  in  the  second  row,  pltis  the  crush- 
ing strength  of  butt  strap  in  front  of  rivet  in  the  outer  row  =  (P — 2d)  t 
XTS+dXbXc 

P= crushing  strength  of  plate  in  front  of  four  rivets,  plus  the  crushing 
strength  of  butt  strap  in  front  of  one  rivets NXdXtXc'\'nXdXbXc 

C— crushing  strength  of  plate  in  front  of  four  rivets,  plus  the  shearing 
strength  of  one  rivet  in  single  shear  ^NXdXtXc+nXsXa 

Divided,  C,  D,E,  F  otG  (whichever  is  the  least)  by  A,  and  the  quotient 
will  be  the  efficiency  of  a  butt  and  double  strap  joint,  triple-riveted,  as 
shown  in  fig.  3,869. 


IG.  3,869. — ^Bzample  of  butt  and  double  strap  joint,  triple  riveted. 


TS  -55,000  lb.  per  sq.  in. 
/-^  in.  =.375  in. 
fr«*/i^in.-.3125in. 
P  -6H  in-  =6.5  in, 
</«»/{(  in. -.8125  in. 

Number  of  rivets  in  single  shear  in  a  tinit  length  of  joint  —  1. 
Nuxnber  of  rivets  in  double  shear  in  a  unit  length  of  joint  —4. 


a— .5185  sq.  in. 
s  —44,000  lb.  per  sq.  in. 
5  -88,000  lb.  per  sq.  in. 
c  -95,000  lb.  per  sq.  in. 
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A  -d.5X.375X66.000 -134.002 

B  -  (6.5— .8125)  .375X55.000  - 117.304 

C -4X88.000X.5185+1X44.000X. 5185 -205,326 

D  -(6.5-dX.8125)  .375X55,000+1X44.000X.5185  -123.360 

£  .(6.5— 2X. 8125)  .375X55.000+ .8125X.3125X95.000  -124.667 

F-4X.8125X.375X95.000+1X.8125X.3125X95.000 -130,902 

<;-4X.8125X.375X95.000+lX44.000X.5185 -138.505 

117.304  (B) 


134.062  (A) 


'  .875  —efficiency  of  joint 


Pig.  3.870. — ^Bzampls  of  butt  and  double  strap  joint,  quadruple  riveted. 


Example  5. — ^Butt  and  double  strap  joint,  quadruple  riveted  (fig.  3,870.) 

A  -strength  of  solid  piaXe^PXtXTS 

B  « strength  of  plate  between  rivet  holes  in  the  outer  row— (P — ^tXTS 

C»  shearing  strength  of  eight  rivets  in  double  shear,  plus  the  shearing 
strength  of  three  rivets  in  single  shear  —  i^5Xa+nX5Xa 

D  =  strength  of  plate  between  rivet  holes  in  the  secx)nd  row,  plus  the  shear- 
ing strength  of  one  rivet  in  single  shear  in  the  outer  row— (P — 2d) 
tXTS-^-lXsXa 
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E  "-strength  of  plate  between  rivet  holes  in  the  third  row,  plus  the  shearing 
str^gth  of  two  rivets  in  the  second  row  in  single  shear  and  one  rivet 
in  single  shear  in  the  outer  row— (P — id)tXTS -{-nXsXa 

F  »  strength  of  plate  between  rivet  holes  in  the  second  row,  plus  the  crushing 
strength  of  butt  strap  in  front  of  one  rivet  in  the  outer  row  «  (P — 2a) 
tXTS+dXbXc 

(? —strength  of  plate  between  rivet  holes  in  the  third  row,  plus  the  crushing 
strength  of  butt  strap  in  front  of  two  rivets  in  the  second  row  and  one 
rivet  in  the  outer  row»(P— 4rf)  tXTS-^nXdXbXc 

H— crushing  strength  of  plate  in  front  of  eight  rivets,  plus  the  crushing 
strength  of  butt  strap  in  front  of  three  rivets  —  NxS<tXc+nXdXbXc 

/—crushing  strength  of  plate  in  front  of  eight  rivets,  phxa  the  shearing 
stren^h  of  two  rivets  in  the  second  row  and  one  rivet  in  the  outer 
row,  in  single  shear  —  NXdXtXc+nXsXa 

Divided,  C,  25,  £,  F,  G,  H  or  I  (whichever  is  the  least),  by  A,  and  the 
c|uotient  will  be  the  efficiency  of  a  butt  and  double  strap  joint  quadruple- 
nveted,  as  shown  in  fig.  3,870. 

TS  -65,000  lb.  per  sq.  m.  a  -  .0903  sq.  in. 

<— HiB*"*«6in.  1— 44.0001b.  per  sq.  in. 

&  -Ti  in.  -  .4376  in.  S  -88.000  lb.  per  sq.  in. 

P  ->16  in.  c  -OS.OOO  lb.  per  sq.  in. 
<f«i!iin.«.9376in. 

Nttmber  of  rivets  in  sinfl^  shear  in  a  unit  length  of  joint  —3. 
Number  of  rivets  in  double  shear  in  a  unit  length  of  joint  —8. 


AJSJUJl,  Boiter  Codm, —-Riveting  and  Calking,  ^ 

263  RiveHnf.  Rivet  holes,  except  for  attaching  stays  or  angie  bars  to  heads,  shall  be 
drilled  full  size  with  plates,  butt  straps  and  heads  bolted  in  position;  or  they  may  be  punched 
not  to  exceed  }i  in.  less  than  full  diameter  for  plates  over  ^^  in.  in  thickness,  and  H  in.  less 
than  full  diameter  for  plates  not  exceeding  lAr  ui.  in  thickness,  and  then  drilled  or  reamed  to 
ftdl  diameter  with  plates,  butt  straps  and  neads  bolted  in  position. 

254  After  drilling  rivet  holes,  the  plates  and  butt  straps  shall  be  separated  and  the  buns 
removed. 

255  Rivets.  Rivets  shall  be  of  sufficient  length  to  completely  fill  the  rivet  holes  and  form 
heads  at  least  equal  in  strength  to  the  bodies  of  the  rivets. 

256  Rivets  shall  be  machine  driven  wherever  possible,  with  sufficient  x>re8sure  to  fill  the 
rivet'  holes,  and  shall  be  allowed  to  cool  and  shrink  under  pressure. 

CAULKING 

257  Caulking,  The  caulking  edges  of  plates,  butt  straps  and  heads  shall  be  beveled.  Every 
portion  of  the  cauudng  edges  of  plates,  butt  straps  and  heads  shall  be  planed,  milled  or  chipped 
to  A  dqpth  of  not  leas  thim  H  i&*    Caulking  sl»ll  be  done  with  a  round-nosed  tool. 
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A  -15X.6X55,000  -412.500 
B -(16— .©376)  .6X66.000-386,718 
C  -8X88,000X.e903+8  X44.000X.e0O8  -677.000 
D-a6— 2X.9376)  .6X66.000+1X44.000X.6003 -391.310 
£-(15-^X.0376)  .6X66.000+3X44.000X.Oe08 -400.494 
/?-(16— 2X.9376)  .6X66.000+.9376X.4376X96.000  -399,902 
C-(16-^X.9876)  .6X66.000+3X.9376X.4375X96.000  -426.200 
H  -8X.9d76X.6X96.000+3X.9376X.4376X96.000  -473,146 
/  «8X.9375X.6X96,000+3X44.000X.0903  -447.309 


886.718  (g) 
412.500  (A) 


>  .937  —efficiency  of  joint 


Pig.  3,871. — Ezample  of  butt  and  double  strap  joint,  quintuple  riveted. 

X 

Example  6. — ^Butt  and  double  strap  joint,  quintuple-riveted  (figs.  3,871 
and  3,872). 

A  ^strength  of  solid  plate  =  PXtX TS 

B  =  strength  of  plate  between  rivet  lioles  in  the  outer  row  =  (P — d)  ty^TS 
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C«  shearing  strength  of  16  rivets  in  double  shear,  plus  the  shearing  strength 
of  seven  rivets  in  single  shear— iV^X^Xa-i-wX-sXa 

D  =  strength  of  plate  between  rivet  holes  in  the  second  row,  plus  the  shearing 
strength  of  one  rivet  in  single  shear  in  the  outer  row«  (P — 2d)  (XTS 
+lX5Xa 

£  ■=  strength  of  plate  between  rivet  holes  in  the  third  row,  plus  the  shearing 
strength  of  two  rivets  in  the  second  row  in  single  shear  and  one  rivet 
in  single  shear  in  the  outer  row « {P—4d)  tXTS-^-dXsXa 
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Fig.  3.872. — Example  of  butt  and  double  strap  joint,  quintuple  riveted. 


p  =s strength  of  plate  between  rivet  holes  in  the  fourth  row,  plus  the  shearing 
strength  of  four  rivets  in  the  third  row,  two  rivets  in  the  second  row 
and  one  rivet  in  the  outer  row  in  single  shear  =  (P — Sd)  tX  TS-{'nXsXa 

G  =  strength  of  plate  between  rivet  holes  in  the  second  row,  plus  the  crushing 
strength  of  butt  strap  in  front  of  one  rivet  in  the  outer  row  =  (P — 2d)  t 
XTS+dXbXc 
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H  «  strength  of  plate  between  rivet  holes  in  the  third  row,  plus  the  crushing 
strength  of  butt  strap  in  front  of  two  rivets  in  the  second  row  and  one 
rivet  in  the  outer  row= (P— 4ii)  tXTS+ZXdXbXc 

I — strength  of  plate  between  rivet  holes  in  the  fourth  row,  plus  the  crushing 
strength  of  butt  strap  in  front  of  four  rivets  in  the  third  row,  two 
rivets  in  the  second  row  and  one  rivet  in  the  outer  row  =  (P—8d)  tX 
TS+nXdXbXc 

J  *s  crushing  strength  of  plate  in  front  of  16  rivets ,  plus  the  crushing  strength 
of  butt  strap  in  front  of  seven  rivets '^NXdXtXc+nXdXbXc 


Figs.  3,873  and  3,874. — ^Illustration  of  butt  and  double  strap  joint  with  straps  of  equal  width. 


K = crushing  strength  of  plate  in  front  of  16  rivets,  plus  the  shearing  strength 
of  four  rivets  in  the  third  row,  two  rivets  in  the  second  row  and  one 
rivet  in  the  outer  row  in  single  ^e&r  ^  NXdXtXc+nXsXa 

DivideB,  C,  D,  £,  F,  G,  H,  /,  J  or  K  (whichever  is  the  least),  by^ ,  and 
the  quotient  will  be  the  efficiency  of  a  butt  and  double  strap  joint,  quintuple- 
riveted,  as  shown  in  fig.  3,871  or  fig.  3,872. 


TS  =55,000  lb.  per  sq.  in. 
<=5i  in.  —0.75  in. 
fc"»H  in.  "0.6  in. 


0—1.3529  sq.  in. 

s  —44,000  lb.  per  sq.  in. 

5  -88,000  lb.  per  sq.  in. 


DETAILS  AND  STRENGTH  OF  CONSTRUCTION    2,187 


P  "36  ia.  5^44,000  lb.  per  sq.  in. 

d  =1  lit  in.  "1.3125  in.  5-88,000  lb.  per  sq.  in. 

a=  1.3529  sq.  in.  c  "05,000  lb.  per  sq.  in. 

Number  or  rivets  in  single  shear  in  a  unit  length  of  joint  "7. 
Ntunber  oi  rivets  in  double  shear  in  a  unit  length  of  joint  "16. 

A  "36X.76X65,000  "1.486.000 

B  "  (36—1 .3125)  .76X55,000  - 1 .430.860 

C  -16X88,000X1.35294-7X44,000X1.3629  -2,321.576 

D  -(3^—2X1.3125)  .75X55,000+1X44.000X1.3529  -1,436.246 

£  "(36— 4X1.3125)  .75X55,000+3X44,000X1.3529  -1,447,020 

i?- (36—8X1.3125)  .75X55.000+7X44.000X1.3529  =1,468,568 


Figs.  3,876  and  3,876.*-»Illustration  of  butt  and  double  stjrap  jomt  of  the  saw  tooth  typ6. 


G "(36— 2X1.3125)  .75X55,000+1.3125X .6X96,000 "1.439,064 
H "(36— 4X1.3126)  .76X55,000+3X1.3126X.5X95,000 -1,455,472 
J  "(36— 8X1.3125)  .75X55,000+7X1. 3125X. 5X95,000  -1,488,141 
J  -16X1.3125X.75X95.000+7X1.3126X.6X95,000  =1,932.266 
K  -16X1.8126X.75X95,00O+7X44,00OX1.3529  -1,912,943 

1,430.860  (B)  _  _.ffi,:,„^  ^  i^:^. 

1.486.000  (/t)     -^^^  -efficiency  of  joint 
Figs.  3,873  to  3,876  illustrate    other   joints  that  may  be  used.    The 
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butt  and  double  strap  joint  with  straps  of  equal  width  shown  in  figs.  3,873 
and  3,874  may  be  so  designed  that  it  will  have  an  efficiency  of  S2  to  84  per 
cent  and  the  saw  tooth  joint  (figs.  3,875  and  3,876),  an  ^ciency  of  from 
92  to  94  per  cent. 


The  following  tables  give  details  of  riveted  joints  for  different 
thicknesses  of  plate  as  recommended  by  the  Wickes  Boiler  Co. 
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Triple  Riveted  Butt  Strap  Joint 


SSs 

''US 


ft 


ESf 
So 


! 


JS      ** 


.a  oir-s  o 
«•   «   J5 


3|« 

3 

3 

3|x 

31  X 

3|x 

3}x 


6f 

7 

7| 

7 
7J 


■sss 


a 


o«>_ 


14 
14 

141 

14 

IS 

isl 

151 


8^ 


I 


5g€ 


2* 
2i 
2ft 
2jV 

2r 

2 
2 


oCS5 


88 

88.5 

87.0 

88.4 

87.9 

87.5 

87.8 


Quadruple  Riveted  Butt  Strap  Joint 
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AJI.M.S.  Boiter  Code. — Specificattons  for  boiler  rivet  steel. 

51.  Marking.  Rivet  bars  shall,  when  loaded  for  shipment,  be  properly  separated  and 
marked  with  the  name  or  brand  of  the  mantxfacturer  and  the  melt  ntimber  for  identification. 
The  melt  niunber  shall  be  legibly  marked  on  each  test  specimen. 
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U.S.  Marine  Ruie9. — Riveted  joints. 

9.  The  diameter  of  rivets,  rivet  holes,  distance  between  centers  of  rivets,  and  distance 
from  centers  of  rivets  to  edge  of  lap  for  different  thicknesses  of  plates  for  single  and  double 
riveting  shall  be  determined  by  the  following  rules. 

The  following  formulas,  equivalent  to  those  of  the  British  Board  of  Trade,  are  given  for 
the  determination  of  the  pitch,  distance  between  rows  of  rivets,  diagonal  pitch,  maximum 
pitch,  and  distance  from  centers  of  rivets  to  edge  of  lap  of  single  and  double  riveted  lap  joints, 
for  both  iron  and  steel  boilers: 

Letp  ^greatest  pitch  of  rivets  in  inches. 

n  =numbcr  of  rivets  in  one  pitch.  • 

Pd  ^diagonal  pitch  in  inches. 
d  ^diameter  of  rivets  in  inches. 
T  > thickness  of  plate  in  inches. 
V  ^distance  between  rows  of  rivets  in  inches. 
E  ^distance  from  edge  of  plate  to  center  of  rivet  in  inches. 

TO  DETERMINE  THE  PITCH 

Iron  plates  and  iron  rivets: 

d*  X  .7854Xn ,  . 
P 7^ +d. 

Example,  first,  for  single-riveted  joint:  Given,  thickness  of  plate  (T)  i*H  inch,  diameter  of 
fivet  (d)  B  Ji  inch.     In  this  case  n  ">!.    Required  the  pitch. 

Substituting  in  formula,  and  periorming  operation  indicated, 

„.    ,      (^)'X.7854Xl_i7     _  -__  .     , 
Pitch  -i-2 r2 1-5  -2.077  inches 

Example  for  double-riveted  joint:  Given,  t  ^^^  inch  and  d"^*^  inch.  In  this  case  n  ■>2. 
Then — 

^^  .      (»/6)'X. 7854X2 ^13     «  oqa  •     u 
Pitch  -  —=^ — z-p i-r^  "2.886  mches. 


For  steel  plates  and  steel  rivets: 

23Xd*X.7864Xn 


fd. 


28XT 

Example  for  single-riveted  joint:    Given,  thickness  of  plate  «H  inch,  diameter  of  rivet 
■■^^  inch.     In  this  case  n  »1. 

-..  ,      23  X(»/i6)'X.7854Xl_Ll5     .  „,  .     , 

^'*^^ moi +16  "2-°^^  """"^^ 

Example  for  double-riveted  joint:    Given  thickness  of  plate  »H  inch,  diameter  of  rivet, 
«-^inch.     n»2.     Then— 

^.^.      23X(>^)'X.7854X2  ,  7     .  __  .     , 
Pitch  = 28XH l-g  "2.86  inches. 

FOR' DISTANCE  PROM  CENTER  OF  RIVET  TO  EDGE  OP  LAP. 

„     3Xd 
^  — 2- 

Example:  Given,  diameter  of  rivet  (d)  =  J4  inch;  required  the  distance  from  center  of  rivet 
to  edge  of  plate. 

E  •■ — 5-2-—1.312  inches,  for  single  or  double  riveted  lap  joint. 
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U.S,  Marine  Ruin, — RiveUd  Joints.— Continued. 

FOR  DISTANCE  BETWEEN  ROWS  OP  RIVETS. 

The  distance  between  lines  of  centers  of  rows  of  rivets  for  double,  chain-riveted  joints  (V) 
•hall  not  be  less  than  twice  the  diameter  of  rivet,  but  it  is  more  desirable  that  V  should  not  be 
less  than 

id-H 
Example  under  latter  formula:    Given,  diameter  of  rivet  "^  inch.  Then — 

V-i*><«>±1.2.25iache.. 
For  ordinary,  double,  zigzag  riveted  joints: 


V^V(llp-h4d)     (p-h4d) 
10 

Example:   Given,  pitch  =2.85  inches,  azid  diameter  of  rivet  ""J^  inch,  Then 


V  -  VllX2.85+4xy     (2.8M-4XH)  ,,^^7  i„ch«.. 

10 

DIAGONAL  PITCH. 

For  double,  zigzag  riveted  lap  joint.     Iron  and  steel: 

^^ — 10~ 
Example:   Given,  pitch  b2.85  inches,  and  d  "^  inch.     Then — 

p. -<^X"'^^>+^^X^> -2.06  inches. 

MAXIMUM  PITCHES  FOR  RIVETED  LAP  JOINTS. 
For  single*riveted  lap  joints: 

Maximum  pitch  -(1.31XT)-flH. 
For  double-riveted  lap  joints: 

Maximum  pitch  -(2.62XT)-|-15^. 

Example:  Given,  a  thickness  of  plate  ~  H  inch,  required  the  maximum  pitch  allowable. 
For  single-riveted  lap  joint: 

Maximum  pitch  -(1.31X>^)+1M  -2.28  inches. 

For  double-riveted  lap  joint: 

Maximum  pitch  -  (2.62X^)4-1^  =2.935  inches. 

To  determine  the  pitch  of  rivets  from  the  above  formuls.  use  the  diameter  and  area  of  the 
rivet  holes.    The  diameter  of  the  rivets  is  the  diameter  of  the  driven  rivet. 

Any  riveted  joint  shall  be  allowed  when  it  is  constructed  so  as  to  give  an  equal  percentage 
of  strength  to  that  obtained  by  the  use  of  the  formula  given.     (Sees.  4418, 4433,  R.  S.) 

BUTT  STRAPS. 

10.  Where  butt  straps  are  tised  in  the  construction  of  marine  boilers,  the  straps  for  six^e 
butt  strapping  shall  m  no  case  be  less  than  the  thickness  of  the  shell  plates:  and  whes«  dov£le 
butt  straps  are  used,  the  thickness  of  each  shall  in  no  case  be  less  than  five-eigjiths  the  thick- 
ness of  the  shell  plates.     (Sec.  4418.  R.  S.) 
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A.S.M^.  Boiigr  Codm—BoOer  Joints. 

181  EMciency  cf  a  Joint,  The  cflacicncy  of  a  joint  is  the  ratio  which  the  strength  of  the 
joint  bears  to  the  strength  of  the  soUd  plate.  In  the  case  of  a  riveted  iomt  this  is  determined 
bycalculating  the  brewing  strength  of  a  unit  section  of  the  jomt.  considering  each  possible 
mode  of  failuie  separately,  and  dividing  the  lowest  result  by  the  breaking  strength  of  the  solul 
plAte  of  a  length  equal  to  that  of  the  section  considered. 

182  The  distance  between  the  center  lines  of  any  two  adjacent  rows  of  rivets,  or  the  "back 
pitch"  measured  at  right  angles  to  the  direction  of  the  >oint,  shall  be  at  least  twice  the  diameter 
of  the  rivets  and  shall  also  meet  the  following  requirements: 

a  Where  each  rivet  in  the  inner  row  comes  midway  between  two  rivets  in  the  outer  row, 
the  sum  of  the  two  diagonal  sections  of  the  plate  between  the  mner  nvet  and  the 
two  outer  rivets  shall  be  at  least  20  per  cent  greater  than  the  section  of  the  plate 
between  the  two  rivets  in  the  outer  row.  .    ^  .    ^u       ^  4.1. 

b  Where  two  rivete  in  the  inner  row  come  between  two  nvets  in  the  outer  row.  ^c  sum 
of  the  two  diagonal  sections  of  the  plate  between  the  t^o  inner  nvets  and  the  two 
rivets  in  the  outer  row  shall  be  at  least  20  percent  greater  than  the  difference  m 
the  sedfckm  of  the  plate  between  the  two  rivets  m  the  outer  row  and  the  two  nvets 
in  the  inner  row. 


Fiq.  3,877.— A.S.M.B. 

boilers. 


Giicuiaferential  joint  for  thick  plates  of  horizontal  return  tubular 


183  On  kmgitadinal  Joints,  the  distance  from  the  centera  of  rivet  holes  to  the  edges  of 
the  plates,  except  rivet  holM  in  the  ends  of  butt  straps,  shall  be  not  less  than  one  and  one-half 
times  the  diameter  of  the  rivet  holes. 

184  a  Circumfereniial  Joints.  The  strength  of  circumferential  joints  of  boilers,  the  heads 
of  which  are  not  stayed  by  tubes  or  through  braces  shall  be  at  least  50  per  cent  of  that  of  the 
longitudinal  joints  d  the  same  structure. 

b  When  50  per  cent  or  more  of  the  load  which  would  act  on  an  unstayed  solid  head  of  the 
same  diameter  as  the  shell,  is  relieved  by  the  effect  of  tubes  or  through  stays,  in  consequence 
ol  the  reduction  of  the  area  acted  on  by  the  pressure  and  the  holding  ];x>wer  of  the  tubes  and 
stays,  the  strength  of  the  drcumferential  joints  in  the  shell  shall  be  at  least  86  per  cent  th^t 
of  the  longitudinal  joints. 

185  When  shell  plates  exceed  Me  inch  in  thickness  in  horizontal  return  tubular  boilers, 
the  portion  of  the  plates  forming  the  laps  of  the  circumferential  joints,  where  exposed  to^  the 
fire  or  inoducts  of  combustion,  shall  be  planed  or  milled  down  as  shown  m  fig.  3,877,  to  H  i^ch 
in  thickness,  provided  the  requirement  m  par.  184  is  complied  with. 

186  Wdded  Joints.  The  ultimate  tensile  strength  of  a  longitudinal  joint  which  has  been 
properly  welded  by  the  for^jing  process,  shall  be  taken  as  28,500  ixmnds  per  square  inch,  with 
steel  plates  having  a  range  m  tensile  strength  of  47,000  to  55,000  pounds  per  square  inch. 

187  Longitudinal  Joints.  The  longitudinal  joints  of  a  shell  or  drum  which  exceeds  3d 
indieB  in  diameter,  shall  be  of  butt  and  double-strap  construction. 

188  The  longitudinal  joints  of  a  shell  or  drum  which  does  not  exceed  36  inches  in  diameter, 
may  be  of  lap-riveted  construction;  but  the  maximum  allowable  working  pressure  slu^l  not 
exceed  100  potmds  i>er  square  inch. 
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Bc^er  Heads. — ^These  serve  two  purposes,  1,  to  close  the 
ends  of  the  boiler,  and  in  the  case  of  fire  tube  boilers  to  hold  the 
ends  of  the  tubes.    There  are  two  general  classes  of  head  as, 

X.  Flat. 

2.  Dished. 

Examples  belonging  to  the  two  classes  are  shown  in  figs.  3,878 


191 


Pigs.  3.87B  (o  8,S81.— l^pe*  at  boOer  lie>d.  Fig.  3.1TS.  flat  be«]  with  tluougli  ctav;  f«. 
3,S7B.  flat  hud  witlmut  thmugh  stay;  fig.  S.lSO,  dulud  brad  with  cmvot  eMern^  ode; 
fig  3.881,  diahed  Iirad  with  coocavs  eiternal  side. 

to  3,881.    In  drums  for  water  tube  boilers,  the  flat  form  shown 
in  figs.  3,878  and  3,879  is  generally  used. 
The  dished  form  has  greater  strength  and  avoids  the  use  of 

stays. 

A.S.M.B.  Boll»r  Code. — Boiler  J<*iitt.—CoMitmtd. 
18E>    The  longitudinsi  jaioti  of   horizontal  Rtiun  tu 
the  Gre-lioe  of  the  setting. 

190    A  horizontal  return  tubular  boiler  on  which  a  lor 
■~'       inlength.    With  butt  and  c"- 


ir  boilers  shall  be  located  nborB 
idinal  lap  joint  is  permitted  shall 


Hunts  of  BUT  length  may  be  usol  provided  the  plates  are  tested  tranivenely  to  the  directioD  of 
lolling  which  tests  ehaU  shov  the  standards  prescribed  under  the  Specification  ot  Boiler  Pkt« 
Steel. 

ISl     Butt  strapa  and  the  ends  of  shell  plates  forming  the  longitudinal  joints  shall  be  rolled 
»r  (ormed  by  pnaaure,  not  blows,  to  the  proper  curvature. 
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The  flat  flanged  head  is  the  type  used  in  tubular  boilers.    Usu- 
ally the  flange  of  the  head  is  placed  inside  the  shell. 


Tube  Spacing  48  to  60  inch  Boilers 
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that  it  is  wiser  that  fewer  tubes  be  used  than  was  formerly  the  custom. 
Ample  space  should  be  left  between  the  tubes  and  between  the  tubes  and 
the  shell  and  under  the  tubesfor  access  at  all  times  for  the  removal  of  foreign 
matter  collected. 

Tube  Spacing  66  to  78  inch  Boilers 
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Figs  3,882  to  3,899  are  examples  of  tube  spacing  for  boilers  ranging  in 
size  &om  48  to  78  inches  in  diameter. 

Ligaments* — When  a  head  is  drilled  for  tubes,  a  good  deal  of  the  metal 
is  cut  away,  hence  the  efficiency  of  the  metal  between  the  tube  holes  or 
ligament  must  be  considered. 

There  are  two  cases,  according  to  the  arrangement  of  the  tubes. 
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Fig.  3,900. — ^Example  of  tube  spacmg,  with  pitch  of  holes  equal  in  every  row,  illustrating 
efRcieney  of  ligatnent. 
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Fig.  3.901. — Example  of  tube  spacing  with  pitch  of  holes  unequal  in  every  second  row,  illus- 
trating efficiency  of  Ugament. 

1.  Holes  drilled  in  line  parallel  to  the  axis  of  the  shell  (figs.  3,900 
to  3,902.) 

A.  .  Pitch  of  the  tube  holes  in  every  row  equal. 

B.  Pitch  of  the  tube  holes  in  any  one  row  unequal. 


2.  Holes  drilled  in  a  line  diagonal  with  the  axis  of  the  shell 
(fig.  3,903). 
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The  methods  of  determining  the  efficiency  of  the  ligament 
for  the  several  cases  are,  according  to  the  A.S.M.E.  Boiler  Code 
as  follows: 

A.     Pitch  of  the  tube  holes  in  every  raw  equal  as  shown  in  fig.  3,900. 

efficiency  of  ligament  =  i-^— 

P 

V,       /  />=*  pitch  of  tube  holes  in  inches 
wnere^  rf= diameter  of  tube  holes  in  inches 


LONGITUDINAL  LINE 

Fig.  3«902. — Example  of  tube  spacing  with  pitch  of  holes  varying  in  every  second  andthirdrow, 
illustrating  efficiency  of  ligament. 


Example, — If  the  pitch  of  tube  holes  in  the  head  shown  in  fig.  3,900  be 
5J^  inches,  diameter  of  tubes  3}^  inches,  tube  holes  3%  inches,  what  is 
the  efficiency  of  the  ligament? 

efficiency  of  ligament « ^——  =     \i/      ** E-9H —  =  .375 


5K 


5.25 


B.     Pitch  of  tube  holes  in  any  one  row  unequal,  as  shown  in  figs.  3  901 
and  3,902. 


NOTE. — ^The  Hartford  Boiler  Insurance  Co.  says,  in  regard  to  tube  spacing:  "In  our 
experience  we  have  found  great  difficulty  with  this  arrangement  of  tubes  (speaking  of  tubes 
closely  put  in) ,  particularly  when  used  with. bad  water.  It  gives  a  greater  area  of  tube  surface, 
but  considerable  portion  of  the  surface  so  gained  is  useless,  and  worse  than  useless,  from  the 
fact  that  the  water  space  is  unduly  taken  up  by  the  superfluous  tubes.' 
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efficiency  of  ligament 


p-  ■  -fid 


r  p =unit  length  of  ligament  in  inches 
where  <  n  » number  of  tube  holes  in  lengtib  p 
[  d = diameter  of  tube  holes  in  indies 

Example. — If  the  diameter  of  tube  holes  be  3%,  and  the  spacing  be  as 
shown  in  fig.  3,901,  what  is  the  efl&ciency  of  the  Ugament? 

efficiency  of  ligament  -^==2^  =  1^X3.281  ^  ^^ 

Example* — ^What  is  the  efficiency  of  ligament  for  the  spadner  shown  in 
fig.  3^902,  and  3%-inch  holes? 
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FiG.  3,903. — Example  of  tube  spacing  with  tube  holes  on  diagonal  linea,  illtistrating  e/lidency 
of  ligament, 

2.  Holes  drilled  in  a  line  diagonal  with  the  axes  of  the  shell  as 
shown  in  fig.  3,903. 

For  this  arrangement  of  tube  holes  the  efficiency  of  the 
ligament  shall  be  determined  by  the  following  methods  and 
the  lowest  value  used. 


efficiency  of  ligament 


a. 


.95(/>i-^) 
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1^  ^diagonal  pitch  of  tube  holes  in  inches 
<i = diameter  of  tube  holes  in  inches 
/>«=  longitudinal  pitch  of  tube  holes  or  distance  between  center  of 
tubes  in  a  longitudinal  row  in  inches 

The  constant  .95  in  the  formula  a  applies  provided  />i -5- <i  be  1.5  or  over. 

Example. — Diagonal  pitch  of  tube  holes,  as  shown  in  fig.  3,903  =  6.42 
inches,  diameter  of  holes,  4^  inches,  longitudinal  pitch  of  holes,  11  j^  inches. 

.95(6.45^--4.031)      „„ 
a,  ^^ «.363 

,.  i^=M31,649 
11.5 

Taking  the  least  value  determined  by  formulae  a  and  b,  the  efficiency  of 
ligament  is  .355. 

Area  of  Head  to  Be  Stayed. — ^Where  flat  heads  are  used,  it 
is  necessary  to  provide  stays  or  braces  for  that  part  unsupported 
by  the  tubes.  For  the  water  space  the  bracing  afforded  by  the 
tubes  is  sufficient,  although  sometimes  a  few  stay  tubes  with 
screw  threads  and  lock  nuts  are  provided  to  increase  the  bracing 
power;  for  the  rest  of  the  head  it  is  necessary  to  provide  sufficient 
bracing  to  resist  the  pressure. 

A  problem  which  presents  itself  is  to  find  the  area  of  the  seg- 
ment of  the  head  to  be  braced,  and  it  should  be  noted  that  this 
is  a  questior,  often  asked  on  examination  papers  for  engineer's 
license. 


A.S,M.E.  Boiler  Code. — Tubes, 

248  Tube  Holes  and  Ends.  Tube  holes  shall  be  drilled  full  size  from  the  solid  plate,  or 
they  may  be  punched  at  least  H  inch  smaller  in  diameter  than  full  size,  and  then  drilled,  reamed 
or  finished  fiUl  size  with  a  rotating  cutter. 

249  The  sharp  edges  of  tube  holes  shall  be  taken  off  on  both  sides  of  the  plate  with  a  ule 
or  other  tool. 

250  A  fire-tube  boiler  shall  have  the  ends  of  the  tubes  substantially  rolled  and  beaded, 
or  welded  at  the  firebox  or  combustion  chamber  end. 

251  The  ends  of  all  tubes,  suspension  tubes  and  nipples  shall  be  flared  not  less  than 
yi  in.  over  the  diameter  of  the  tube  hole  on  all  water-tube  boilers  and  superheaters,  or  they 
2nay  be  beaded. 

252  The  ends  of  all  tubes,  suspension,  tubes  and  nipples  of  water-tube  boilers  and  super- 
heaters shall  project  through  the  tube  sheets  or  headers  not  less  than  H  ix^ch  nor  more  than 
yi  inch  before  flaring. 
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Ques.    What  portion  of  the  head  not  occupied  by  tubes 
must  be  stayed? 

Ans.    According  to  the  A.  S.  M.  E.  Boiler  Code  the  area  of  a 
segment  of  a  head  to  be  stayed  shall  be  the  area  enclosed  by  lines 


U.S.  Marine  Rule*— -Heads, 

REQUIREMENTS  FOR  HEADS. 

3 .     All  plates  used  as  heads ,  when  new  and  made  to  practically  true  circles ,  and  as  described 
below,  shall  be  allowed  a  steam  pressure  in  accordance  with  the  toUowing  formula: 

CONVEX  HEADS. 

P„TXS 

^      R 

Where  P  >"8team  pressure  allowable  in  pounds. 
T  'thickness  of  plate  in  inches. 
S  —one-fifth  of  the  tensile  strength. 
R  —one-half  of  the  radius  to  which  the  head  is  bumped. 

CONCAVE  HEADS. 

For  omcave  heads  the  presstire  allowable  shall  be  eight-tenths  times  the  pressure  allowable 
for  convex  heads. 

NOTE. — ^To  £nd  the  radius  of  a  sphere  of  which  the  bumped  head  forms  a  part,  square 
the  radius  of  head,  divide  this  by  the  height  of  bump  required;  to  the  result  add  height  of  bump,, 
which  will  equal  diameter  of  sphere,  one-half  of  which  will  be  the  required  radius.  > 

Example. 

Required,  the  working  pressure  of  a  convex  head  of  a  54-inch  radius;  material,  80,000 
pounds  tensile  strength  andone-half  of  an  inch  thick.    Substituting  values  and  solving,  we  have 

r,      .5X12.000      „-  . 

-  ""222  jwunds. 


27 

The  pressure  allowable  on  a  concave  head  of  the  same  dimensions  would  be  222X.8  —177 
pounds. 

To  avoid  grooving  the  flanging  shall  be  well  rounded  at  the  bend. 

Bumi>ed  heads  may  contain  a  manhole  opening  flanged  inwardly,  when  such  flange  is 
turned  to  a  depth  of  three  times  the  thickness  of  material  m  the  head. 

Material  used  in  the  construction  of  all  bumped  heads  shall  possess  the  physical  and  chem- 
ical qualities  prescribed  by  the  Board  of  Supervising  Inspectors  for  all  plates  subject  to  tensile 
strain,  as  required  by  section  4430,  Revised  Statutes. 

FLAT  HEADS  OF  WROUGHT-IRON  OR  STEEL  PLATE. 

Where  flat  heads  do  not  exceed  20  inches  in  diameter  they  may  be  used  without  being: 
stayed,  and  the  steam  pressure  allowable  shall  be  determined  by  the  following  formula: 

p_CXT« 
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drawn  3  inches  from  the  shell  and  2  inches  from  the  tubes  as 
shown  in  fig.  3,904  and  3,905. 

The  net  area  to  be  stayed  in  a  segment  of  a  head  may  be  determined  by 
the  following  formula: 

,              ,     4(H— 5)'  V2(R— 3)  -     u 

area  of  segment  = = '  -  )j...-^  square  inches 

in  which  H— distance  from  tubes  to  shell,  and  RTadius  of  boiler  head 
both  in  inches. 
When  the  portion  of  the  head  below  the  tubes  (lower  segment),  in  a 


Pre.  3,904.— Upper  H 


V.  S.  Marine  Rulet.—Hu 

■XTc  P  -Steam  pressure  allowable  in  pouoils. 

T  -Ihickness  of  niat«iul  in  siiteenthi  o{  an  inch. 
A  -one- half  the  srea  ot  head  in  inches. 
C-112forplatesBeven-»Uteenth«  of  an  inch  and  under. 
C  -120  for  plates  over  seven-aiiteenlha  ot  an  inch. 
Protided,  The  fltmgea  are  mad«  to  an  inaide  radlofl  o£  at  bast  I H  iach«a. 

Required  the  worldna  preisure  of  a  flat  head  20  inches  in  diameter  and  tl 
inch  thick.    Subatituting  values,  ne  have 
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borizontAl  return  tubular  boiler  is  provided  with  manhole  opening,  the 
flange  of  which  is  fonned  from  the  solid  plate  and  turned  inward  to  a  depth 
of  not  less  than  three  times  the  thickness  of  the  head,  measured  from  the 
outside,  the  area  to  be  stayed  as  shown  in  fig.  3,905,  may  be  reduced  by  100 
square  inches.  The  surface  around  the  manhole  shall  be  supported  by 
through  stays  with  nuts  inside  and  outside  at  the  front  head  (A.S.Jd.E. 
Boiler  Code), 

Reinforcement  of  Flat  Surfaces.— All  flat  surfaces  in  boilers 
must  be  stiffened  or  supported,  otherwise  the  internal  pressure 
of  the  steam  would  bulge  them  outward  and  tend  to  make  them 


A.8JU.E.  BolUr  OxU.—Bracid  and  Stayed  Surfaas. 

190  The  mfl^imtr*"  allQw^ble  vorldiie  prcsiure  ior  vanoiu  thicknma  oE  bnc«d  an^ 
■tayed  Sat  plaUa  and  thou  which  by  theie  Rula  nquire  staying  aa  flat  surfacea  with  bnica 
«  ataybolta  at  unifoiia  diameter  armmetricalli'  qNund.  aliall  be  calculcud  by  ths  foimuk^ 


t  — thickoesa   of  plate   in  sixlenUhi   of   an  inch 

P  MmftTjmum  pitch  measuicd  between  itraiaht  Una  paisinf  through  tha  center*  vf 
the  staybolts  in  the  diSamt  rowi,  which  lineg  may  be  borinontal,  vertical  or 
inclined,  incbea 
C— 112  for  stays  screwed  through  plates  not  over  54  inch  thick  with  ends  nveted  over 
C— lSOforat«y(  acrawed  through  plates  over  ^  inch  thick  with  ends  riveted  over 
C~13fi{or  stayi  screwed  through  plates  and  fitted  with  single  nuts  outside  of  plate 
C  —176  for  stays  fitted  with  inside  and  outside  nuts  and  outside  washers  where  the  diam- 
eter of  washers  is  not  less  than  .4p  and  thickness  not  less  than  1. 
It  plates  not  less  than  H  inch  thick  are  strengthened  with  doubling  plates  securely  riveted 
a  and  having  a  thickness  of  not  less  than  H  t,  nor  more  than  I.  then  the  value  of  1  in  the 
la  shall  be  ^  of  the  combined  thickness  of  the  plates  and  the  values  of  C  given  sbovs 


2,202    DETAILS  AND  STRENGTH  OF  CONSTRUCTION 


spherical  or  cylindrical  in  shape.    This  reinforcement  is  obtained 
by  means  of  stays  and  braces. 

By  common  usage,  the  difference  between  stays  and  braces 
seems  to  be  chiefly  one  of  size,  that  is,  a  brace  is  a  large  stay.* 

Ques.    Into  what  two  classes  may  all  of  reinforcing 
members  be  divided? 

Ans.    They  may  be  classed  as  independent  and  connecting 
fastenings. 


Tig.  3,006. — Stay  bolt,  consisting  of  a  threadod  length  of  rod  with  a  nut  at  each  end,  or  a 
'  forged  head  at  one  end  and  a  nut  at  the  other  end. 

Stay  Bolts. — ^The  term  "bolt*'  is  defined  as  a  metallic  pin  or 
rod,  used  to  hold  objects  together  and  generally  having  screw  threads 
cut  at  one  end,  and  sometimes  at  both,  to  receive  a  nut* 

The  author  regards  a  nut  as  forming  part  of  a  bolt  and  therefore  restricts 
the  term  stay  holt  to  the  type  of  stay  shown  in  iig.  3,906. 

It  consists  of  a  rod  having  a  thread  its  entire  length  and  a  nut  on  each  end. 
This  kind  of  stay  is  used  in  making  repairs  but  owing  to  the  extra  amount  of 
metal  in  the  nut  is  not  so  well  adapted  to  the  intense  heat  in  the  firebox  as 
the  riveted  stays  shown  in  figs .3,915  and  3,916.  It  is  suitable  for  less  severe 
conditions  as  for  staying  the  steam  jacketed  uptake  in  marine  leg  boilers. 


♦NOTE. — ^The  author  objects  to  the  use  of  the  term  brace  because  by  definition  a  brace 
is  a  rigid  piece,  as  of  timber,  to  hold  something,  as  parts  of  a  frame  in  place,  ezpecially  1,  a 
framea  diagonal  piece  in  an  angle,  2,  a  strut,  and  3.  lateral  supx>ort  acting  in  compression. 
The  general  conception  of  a  brace  is  that  it  is  a  stiff  member  designed  to  resist  both  tenalon  and 
•compression.     Accordingly,  the  author  uses  the  term  stay  rather  than  brace. 
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Ans.  By  the  use  of  a  long  or  stay  bolt  tap  which  threads 
both  plates  in  one  operation. 

Ques.    What  thread  Is  used  for  stay  bolt  taps  ? 

Ans.  All  sizes  of  stay  bolt  taps  have  12  threads  to  the  inch, 
the  approved  form  being  the  U.  S.  standard,  though  the  "V" 
thread  is  sometimes  used. 

Ques.  What  diameter  of  a  strewed  stay  is  taken  In 
calculating  its  strength? 

Ans.     The  least  diameter. 


FiC.  3,91fl.— HoUdi 


mdord  oizea  VAry  from  ^  Xt 


the  bottom  of  the  thread,  and  at  tha 


Riveted  Stays. — The  usual  form  of  riveted  stay  used  for  carry- 
ing the  pressure  on  the  sides  of  the  fire  box  in  vertical  and  loco- 
motive boilers  consists  of  a  rod  threaded  at  the  ends  and  turned 
down  along  the  middle  section  to  a  diameter  sUghtly  less  than 
that  of  the  root  of  the  threads  as  shown  in  fig.  3,915. 
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^^^^^_^                   S|  "I  The  approved  form  of  riv- 

//   ^™lv'SA             -ails  eted    stay  is    shown    in   fig. 

|a||  3,916.     In  this  stay  a  ^  in. 

f-ait  hole  is  drilled  in  each  end  as 

3-*ll  shown,  extending  J^  inch  or 

■^J  S  a  more  beyond  the  inside  of  the 


plate. 


1^^^  Ques.    What  is  the  ob- 

.£  E  S  s      jggt  Qf  drillhig  holes  in  the 
ends  of  screwed  stays? 

Ans.  To  show  by  a  leak 
through  the  drilled  holes 
where  the  stay  has  broken, 
as  in  fig.  3.917. 

The  break  is  most  Ukeiy  to  oc- 
.B  g  .  •  a  cur  near  the  plate  and  inspection 

S  3  §    ?  '"^  parts  of  boilers  which  must  be 

jig  \%  o  stayed  in  this  manner  js  in  most 

2  ^     -=  cases  impossible.   Sometimes  the 

drilled  hole  extends  the  length  of 

the  stay. 


s 

I 


I  Ques.    Why  do  screwed 

3  Stays  sometimes  break? 

I  Ans .    Owing  to  unequal  ex- 

i  pansion    between    the    outer 

g  and  inner   plates,   the   stays 

j:  are  bent  back  and  forth  each 

n  S  s^  g  time  this  occurs,  as  shown  in 

r^'*  figs.  3,917. 
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of  a  rod  and  socket.  The  socket  is  placed  between  the  plates  to 
be  stayed  and  the  rod  passed  through  the  plates  and  socket  and 
riveted  in  place  as  shown  in  fig.  3,919. 

Stay  Rods  or  Through  Stays. — ^These  are  used  chiefly  in 
marine  shell  boilers  of  the  Scotch  and  Clyde  types.  These 
boilers  being  short  and  of  large  diameter,  the  considerable 
amount  of  fiat  surface  in  the  heads  not  reinforced  by  the  tubes  is 
conveniently  stayed  with  through  stays  without  rendering  the 


iRS 


Fig,  3.9S0. — Sta:r-rod  or  thiniish-stay,  eapeciallr  ndapted  to  short  boilers  of  laixe  dismeto'. 
The  most  comiQon  and  Bunple  lorm  ii  apLunrod  thRAdcd  at  the  Boda.  The  rod  piis»3  thr^io^ 
the  iteam  spacs  and  the  ends  ara  {sstnied  to  the  heads.  The  length  is  adiusted  in  various 
ways,  the  simplest  beins  by  nvt  and  washen  as  here  shown.  The  copper  washen  prevent 
abiasion  of  the  plates  by  the  nuta  and  act  as  packing  in  securing  a  tight  joint.  In  place 
oE  tlie  nuts  the  rod  ia  sometimes  bolted  to  anAle  irons  which  are  riveted  to  the  heodfl-  In 
thisoase,  turn  buckles  are  used  for  adjusting  the  length. 


interior  inaccessible.  These  stays  are  usually  plain  rods  1^  to 
2^  inches  in  diameter.  The  ends  are  fastened  to  the  plates  by 
nuts  and  washers  as  shown  in  figs.  3,920.  The  large  washers  are 
used  to  secure  a  larger  heating  surface. 

These  stays  being  in  the  steam  space  should  be  at  least  14  inches  apart 
so  that  a  man  can  pass  between  them.  The  threads  at  the  ends  may  be  cttt 
on  the  plain  rod  or  the  ends  may  be  forged  larger  and  the  threat^  cut  on 
the  enl&rged  part. 
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Stay  Tubes. — ^Although  the  holding  power  of  the  ordinary 
tubes  expanded  into  the  heads  is  considerable  and  in  naost  cases 
is  suflScient  for  the  sheet  area  covered,  sometimes  a  few  stay 
tubes  are  inserted,  especially  where  the  tube  pitch  is  large. 


Fig.  3,921. — ^Tumbudde  used  for  adjusting  the  length  of  stay  rods  or  through  stays  when 
the  latter  are  bolted  to  internal  angle  irons  instead  of  passing  throiigh  the  shell  as  in  fig.  3 ,920 . 

These  tubes  are  of  the  same  outside  diameter  as  the  ordinary 
tubes,  but  are  thicker,  being  usually  y-inch  thick,  and  are  pro- 
vided with  threads  on  the  ends. 

Frequently  the  threads  are  cut  at  both  ends;  both  tube  plates  are  tapped 
and  the  tubes  screwed  in.    When  both  ends  are  threaded  one  end  mtist  be 


Figs  .  3 .922  and  3 ,923 . — Stay  tube  ends ;  fig .  3 .922  upset  end ,  fig .  3 ,923  plain  end .  It  must  be 
evident  that  where  both  ends  are  threaded  one  end  mi^st  be  of  larger  diameter  than  the  other 
to  allow  inserting  the  tube. 


smaller  than  the  other  so  that  it  may  be  slipped  through  the  hole,  as  shown 
in  figs.  3,922  and  3,923.  The  back  end  is  beaded  over  or  nutted  and  the 
front  end  fastened  with  shallow  nuts.  Sometimes  two  nuts  are  placed  on 
the  front  end;  one  inside  and  one  outside  of  the  boiler  plate. 

Stay  tubes  are  not  used  now  as  extensively  as  they  were  formerly.    They 
were  very  common  at  a  time  when  the  holding  power  of  expanded  tubes  had 
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t)een  experimented  on  but  little.  It  is  now  apparent  from  numerous  tests 
that  the  holding  power  of  expanded  tubes  is  more  than  is  necessary  to  support 
the  pressure  coming  on  the  spaces  between  the  tubes  of  an  ordinary  tube 

sheet. 


Figs.  3,924  and  3 ,925. — Luken's  diagonal  stay  bent  to  form  from  a  flat  steel  plate. 


Fig.  3.926. — Diagonal  stay  with  eye  ends.      It  is  attached  to  the  boiler  angle  irons  and  pins. 


Fig.  3.927  and  3.928. — ^Diagonal  stay  with  forged  ends. 


A.S,M,E.  Boiler  Code,— Stay  Tubes, 

■    232.     When  stay  tubes  are  used  in  multi-tubular  boilers  to  give  support  to  the  tube  plate*, 
the  sectional  area  of  such  stay  tubes  may  be  determined  as  follows: 

Total  section  of  stay  tubes,  square  inches  = «« 

where 

A  »area  of  that  portion  of  the  tube  plate  containing  the  tubes,  sq.  in. 
a  =  aggregate  area  of  holes  in  the  tube  plate,  sq.  in. 
P  ^maximum  allowable  working  pressure,  pounds  per  sq.  in. 
T  » working  tensile  stress  allowed  in  the  tubes  not  to  exceed  7,000  lbs.  per  sq.  in. 
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Gusset  Stays* — ^The  flat  ends  of  cylindrical  boilers  (especially 
marine  boilers)  are  stayed  to  the  rotind  portions  of  triangular 
plates  of  iron  called  gusset  stays.  These  are  simply  pieces  of 
plate  iron  secured  to  the  boiler  front  or  back,  near  the  top  or 
bottom,  by  means  of  two  pieces  of  angle  iron,  then  carried  to  the 
shell  plating,  and  again  secured  by  other  pieces  of  angle  bar, 
as  shown  in  fig.  3,929. 

Sometimes  only  one  angle  iron  is  used  at  each  end,  the  plate  itself  being 
flanged  to  form  the  other  side  of  the  T. 


Pio.  3,020. — Gusset  stay  consisting  of  a  flat jpleoe  attabhed  diagonally  to  the  shell  and  head  by 
angle  irons.  Because  of  the  character  or  the  stress  coming  on  a  gusset  stay  it  should  be 
proportioned  for  a  larger  factor  of  safety  than  for  ordinary  diagonal  stays. 


A*S,M,E,  Boiler  Code.^Stay  Tubes, ^-Continued. 

T  Bwqrking  tensile  stress  allowed  in  the  tubes,  not  to  exceed  7,000  pounds  per  square 
inch 

233    The  pitch  of  stay  tubes  shall  conform  to  the  formula  given  in  par.  199 ,  using  the  values 
of  C  as  given  m  Table  6. 


Table  6.    Values  of  C for  Determining  Pitch  of  Stay  Tubes. 

Pitdh  of  stay  Tubes  m  the  Bounding  Rows 

When  tubes 

have  no  Nuts 

Outside  of  Plates 

When  tubes 

are  Fitted  with 

Nuts  Outside 

of  Plates 

Where  there  are  two  plain  tubes  between  each  stay  tube 

Where  there  is  one  plain  tube  between  each  stay  tube . . . 

VBliere  every  tube  in  the  bounding  rows  is  a  stay  tube  and 

each  alternate  tube  has  a  nut 

120 
140 

•  •  •  • 

130 
150 

170 
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Ques.    How  is  the  stress  distributed  in  a  Gusset  stay? 

Ans.     The  tension  is  not  uniform,  but  is  greater  near  one  edge. 

Palm  Stays. — These  are  often  used  in  the  same  position  as  a 


Figs.  3.0350  and  3,931.-— Crow-foot  stay,  consisting  of  a  rod  with  foriced  end.  attached  bv  a  oin 
to  a  y-shaped  end  with  pahns  or  so-caUed  crow  foot,  the  pahns  of  which  are  riveted  to  tS 
flat  plate  to  be  stayed.  ^  "**^ 


L 


A.S,M,E.  Boiler  Code,— Stay  Tubes.— Continued, 

When  the  ends  of  tubes  are  not  shielded  from  the  action  of  flame  or  radiant  heat  the  valii«i 
of  C  shall  be  reduced  20  per  cent.  The  tubes  shall  project  about  M  inch  at  each*end  and  S 
slightly  flared.  Stay  tubes  when  threaded  shall  not  be  less  than  Ma  inch  thick  at  bottom  of 
thread;  nuts  on  stav  tubes  are  not  advised*  For  a  nest  of  tubes  C  shall  be  taken  as  140  Md  5 
as  the  mean  piteh  of  stay  tubes.  For  spaces  between  nests  of  tubes  S  shall  be  taken  as  the  horS 
sontal  distance  from  center  to  center  of  the  bounding  rows  of  tubes  and  C  as  given  in  Tabled. 

U.S,  Marine  Rulee.— Diagonal  and  Gusset  Stays. 

11—16.  Multiply  the  area  of  a  direct  stay  requnjed  to  support  the  surface  by  the  slant 
or  diagonal  length  of  the  stay;  divide  this  product  by  the  length  of  a  line  drawn  at  ncht  anuriea 
to  surface  supported  to  center  of  palm  of  diagoxial  stay.  The  quotient  »^^\]  be  the  rta^S 
area  of  the  diagonal  stay.  *^»«4u« ^ 


DETAILS  AND  STRENGTH  OF  CONSTRUCTION    2,213 

Gusset  stay;  that  is,  from  the  back  or  front  end  of  the  boiler  to 
the  shell  plates;  they  are  sometimes  used  to  stay  the  curved  tops 
of  combustion  chambers. 

As  shown  in  fig.  3,932,  the  stay  consists  of  a  round  rod  having  forged  on 
one  end  a  plate  or  "pahn"  and  a  thread  and  nut  connection  at  the  other  end. 

Crow  Foot  Stays. — These  are  virtually  double  palm  stays, 


'^^//^//////^^/.^^//>^^>^>^^^jj-;^^^r^^ 


Pig.  3,932.— Palm  stay,  so-called  because  it  has  a  palm-like  plate  forged  at  the  end.  Since 
the  thieaded  end  passed  through  the  head  obliquely,  two  diagonally  cut  washers  are  used 
as  connectors  between  the  nuts  and  plate. 


Figs.  8,933  and  3,934. — Jaw  sts^.    This  type  of  stay  is  used  in  connection  with  T  irons, 
riveted  to  the  head . 

two  palms  being  connected  together  into  a  so-called  crow  foot, 
which  is  attached  by  a  bolt  to  the  forked  end  of  a  long  bar. 

This  type  is  suited  for  long  stays  as  it  gives  convenience  for  removal  and 
repair  of  the  long  bolts  without  disturbing  the  crowfoot. 


Jaw  Stays. — This  type  of  stay  is  shown  in  figs.  3 ,933  and  3,934 
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and  consists  of  a  round  bar  having  jaws  forged  at  one  end  and  a 
flat  plate  at  the  other  inclined  at  the  proper  angle  for  riveting  to 
the  boiler  shell.  The  jaw  end  is  attached  by  a  pin  to  a  T  iron 
which  is  riveted  to  the  head. 

Steel  Angle  Stays. — ^When  the  shell  of  a  boiler  does  not 
exceed  36  inches  in  diameter  and  is  designed  for  a  pressure  of  not 
over  100  pounds,  the  segment  of  heads  above  the  tubes  may  be 
stayed  by  steel  angles  as  shown  in  figs.  3,935  and  3,936. 

The  following  table  from  the  A.S.M.E.  Boiler  Code  gives  the  approved 

dimensions  for  steel  angle  stays. 


Table  5.    Sizes  of  Angles  Required  for  Staying  Segments  of  Head 

With  the  short  legs  of  the  angles  attached  to  the  head  of  the  boiler 


Height 

of 
segment, 
dimension 

Bin 
Fig.  3,936 


10 
11 
12 
13 
14 
16 
16 


30-Inch  Boiler 


Angle 

32Xi 

In. 


Thick. 

ness, 

In. 


Angle 

3JX3 

In. 


Thick- 
ness, 
In. 


Z8 


Angle 

4X3 

In. 


Thick- 
ness, 
In. 


'^ 


^8 

3^ 


34-Inch  Boiler 


Angle 

3iX3 

In. 


Thick- 
ness, 
In. 


Tf6 

3^ 

% 


Angle 

4X3 

In. 


Thick- 
ness, 
In. 


Angle 

5X3 

In. 


Thick- 
ness, 
In. 


36-Inch  Boiler 


Angle 

4X3 

In. 


Thick- 
ness, 
In. 


-"^ 
% 


Angle 

5X3 

In. 


Angle 
I6X3J 
In. 


Thick- 
ness, 
In. 


y% 


Thick- 
ness, 
In. 


H 
^ 
^/^ 


Di- 

men- 
sion 
A  in 

Fig. 
3,936 


6H 
7 

8 

9 
9H 


Crown  or  Roof  Bars. — ^Por  supporting  the  flat  tops  of  fire 
boxes  and  combustion  chambers,  especially  in  locomotive  and 
marine  boilers  a  bridge  or  girder  form  of  stay  is  often  used.   These 
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bars  extend  across  the  flat  surfaces  and  the  ends  rest  on  the 
side  plates. 

Bolts  properly  spaced  connect  the  flat  surface  to  the  bar.  The 
latter  may  be  a  solid  bar  or  may  be  made  up  of  two  plates  welded 
together  at  the  ends  and  having  a  depth  of  about  4  to  6  inches 
and  proper  thickness  to  support  the  load  coming  on  it. 

Either  bolts  or  rivets  may  be  used  to  keep  the  plates  which  form 
the  girder  from  spreading. 


Pigs.  3,935  and  3,936. — Stayin^t  of  head  in  tubular  boiler  with  steel  angles.  The  approved 
dimensions  of  these  angles  is  given  in  the  accompanying  table  from  the  A.  S.  M.  £.  Boiler 
Code.  The  legs  attached  to  tne  heads  may  vary  m  depth  ^  inch  above  or  below  the  dimen- 
sions specified  in  the  table.  When  this  form  of  bracing  is  to  be  placed  on  a  boiler,  the 
diameter  of  which  is  intermediate  to  or  below  the  diameters  given  m  Table  5,  the  tabular 
values  for  the  next  higher  diameter  shall  govern.  Rivets  of  the  same  diameter  as  used 
in  the  longitudinal  seams  of  the  boiler  shall  be  used  to  attach  the  angles  to  the  head  and  to 

'  connect  the  outstanding  legs.  The  rivets  attaching  angles  to  heads  shall  be  spaced  not  over 
4  inches  apart.  The  centers  of  the  end  rivets  shall  be  not  over  3  inches  from  the  ends  of  the 
angle.  Tlie  rivets  through  the  outstanding  legs  shall  be  spaced  not  over  8  inches  apart; 
the  centers  of  the  end  rivets  shall  be  not  more  than  4  inches  from  the  ends  of  the  angles. 
The  ends  of  the  angles  shall  be  considered  those  of  the  outstanding  legs  and  the  lengths 
shall  be  such  that  their  ends  overlap  a  circle  3  inches  inside  the  inner  surface  of  the  shell 
as  shown.  The  distance  from  the  center  of  the  angles  to  the  shell  of  the  boiler,  marked  A, 
shall  not  exceed  the  values  given  in  the  table,  but  in  no  case  shall  the  leg  attached  to  the 
head  on  the  lower  angle  come  closer  than  2  inches  to  the  top  of  the  tubes.  When  the  seg- 
ments are  beyond  the  range  of  the  table  the  heads  shall  be  braced  or  stayed  in  accordance 
with  the  requirements  in  these  rules. 
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Flo.  S,t>3T. — DdAil  of  cnwa  bar  reii^cti  by  tUng  ttrapt.  The  iling  itays  lU 
the  girder  anil  to  an  angle  iron  or  T  iron,  which  is  nvetcd  to  the  ahell.  ' 
Bli0nK  th«  Bhell.  In  design,  the  cmwn  bu  ihould  be  strong  enough  to  sup] 
■heetindependent  of  theBhngitrapB. 


Figs.  S,93S  to  3.040.— Details  of  cnwn  bar  constmcUon  supported  fay  sill*  platM.    The  tar 

ually  made  up  of  bar  platea  having  B  depth  of  f  iDm  4  to  a  miiei  and  a  thusknem  o(  M 
i  inches.  If  y^-Lnch  tUys  be  uskT.  the  distsncs  between  the  plates  la  uoulW  1  mdi. 
le  plates  are  forged  so  that  they  take  a  bearing  hy  means  of  feet  on  the  edgci  irf  the  ndi 


IS  usually  made  up  of  ba: 
to  H  ineha.  If  T^-lnch 
The  plates  are  forged  so  t 
plates  and  support  the  furnace  top  by  bolts  whichpau  be. — , 

Bide  plates  Btiould  be  carefully  fitted  to  make  a  good  bearing.and  the  aiea  should  be  Mffig 
to  prevent  cruihin^.    The  distance  between  the,  crown  sheet  and  the  suidea  should  be 


re  good  circulation  and  facilitate  cteei 
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Radial  Stays. — These  are  used  chiefly  in  locomotive  boilers, 
in  which  the  fire  box  crown  sheet  is  arched.  l"he  stays  are  ar- 
ranged radially  to  the  curvative  of  the  two  plates,  which  they 
connect,  as  shown  in  fig.  3,941. 


Pig.  3,M1. — DeUU  of  ndiat  Mari  as  connected  to  *  curved 


A. 

S.  M. 

X-Bol 

lerCode 

— Braced  iu>d 

layed  lurfac 

418.    The  allowable  loads  b««d  on  th 
tbnadi,  are  compuMd  from  the  folloinng  fon 
jritcbe.  is  permissible.    The  formula  ior  the  d 

ulL.     The 

IS. 

D-(P 

<1.732)  Nd 

D  Ndiai 

leterot    sU/ bolt  at  botloc 

WhercU 

S.  threads  are 

used,  the  form 

D— (PX1.732X.75)> 
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1.  8,  M.  B.  Boiler  Code— Slay  Bi 


•-  of  th«  plates,  except  on  tnilets  having  &  grate  area 

"- '  "'la  staybolts  is  optional. 

re  securely  riveted  to  the  boiler  heads  for 
ch  members  shall  not  eioeed  12,fiOO  pounds 

..    , = Jtion  modulus  of  tho  member  shall  be  used 

n  for  the  strength  of  the  plate.    The  spacing  of  the  rivets  ovec  the  supported 


attaching  through  stays  the  tr 

per  squan  """'"      ' '"" 

surface  shall  be  in  conformity  with  th^t  specified  for  staybolta. 

w  ends  oE  Etsya  fitted  ivith  nuta  shall  not  be  exposed  to  the  direct  radiant  heat  of 


the  braced  surface,  eh&U  be  d 

The  maiimum  spacing  bet 

of  the  shell  passing  through  th 


mwfeet  of  bmoes  to 


Table  i.    Maximum  Allowable  Pitch,  in  Indies,  of  Screwed  Stay- 
bolts,  Ends  Riveted  Over 


Thickness  of  Plate,  Inches 


Maximum  Pitch  of  Staybolts,  Inches 


IP. 

''Y' 
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A,S,M.E,  Boiler  Code, — Stay  Bolts, — Contiuued, 

205  The  distance  from  the  edge  of  a  staybolt  hole  to  a  straight  line  tangent  to  the  edses  of 
the  rivet  holes  may  be  sutsstituted  for  p  for  staybolts  adjacent  to  the  riveted  edges  bounmng  a 
stayed  suiface.  When  the  edge  of  a  stayed  plate  is  flanged,  p  shall  be  measured  from  the  inner 
surface  of  the  flange,  at  about  the  line  of  rivets  to  the  edge  of  the  staybolts  or  to  the  projected 
edge  of  the  staybolts. 

206  The  distance  between  the  edges  of  the  staYbott  holes  mav  be  substituted  for  p  for 
staybolts  adjacent  to  a  furnace  door  or  other  boiler  fitung,  tube  hole ,  nand  hole  or  other  opening. 

207  In  water  leg  boilers ,  the  staybolts  may  be  sfiaced  at  greater  distances  between  the  rows 
than  indicated  in  Table  3,  provided  the  portions  of  the  sheet  which  come  between  the  rows  of 
staybolts  have  the  proper  transverse  strength  to  give  a  factor  of  safety  of  at  least  5  at  the  maxi- 
mum allowable  working  pressure. 

208  The  diameter  of  a  screw  stay  shall  be  taken  at  the  bottom  of  the  thread,  provided 
this    is  the  least  diameter. 

209  The  least  cross-sectional  area  of  a  stay  shall  be  taken  in  calculatmg  the  allowable 
stress,  except  that  when  the  stays  are  welded  and  have  a  larger  cross-sectional  area  at  the 
weld  than  at  some  other  point,  in  which  case  the  strength  at  the  weld  shall  be  computed  as 
well  as  in  the  solid  part  and  the  lower  value  used. 

210  Holes  for  screw  stays  shall  be  drilled  full  size  or  fnmched  not  to  exceed  ^  inch  less 
than  full  diameter  of  the  hole  for  plates  over  A  inch  in  thickness,  and  H  inch  less  than  the 
full  diameter  of  the  hole  for  plates  not  exceeding  A  inch  in  thickness,  and  then  drilled  or 
reamed  to  the  full  diameter.    The  holes  shall  be  tapped  fair  and  true,  with  a  full  thread. 

211  The  ends  of  steel  stays  upset  for  threading,  shall  be  thorotighly  annealed. 

212  An  internal  cylindrical  furnace  which  requires  staying  shall  be  stayed  as  a  flat  surface 
as  indicated  in  Table  3. 

213  Staying  Segments  cf  Heads.  A  segment  of  a  head  shall  be  stayed  by  head  to  head , 
through,  diagonal,  crowfoot  or  gusset  stays,  except  that  a  horizontal  rettam  tubular  boiler, 
may  be  stayed  as  provided  in  Pars.  223  to  220  (see  Boiler  Code.) 

214  Areas  o}  Segments  of  Heads  to  be  Stayed.  The  area  of  a  segment  of  a  head  to  be  stayed 
shall  be  the  area  enclosed  by  lines  drawn  3  mches  from,  the  shell  and  2  inches  from  tiie  tubM, 
as  shown  in  figs.  3,904  and  3,905. 

215  In  water  tube  boilers,  the  tubes  of  which  are  connected  to  drum  heads,  the  area  to  be 
stayed  shall  be  taken  as  the  total  area  of  the  head  less  a  5  inch  annular  ring,  measured  from  the 
inner  circumference  of  the  drum  sheU. 

When  such  drtmi  heads  are  30  inches  or  less  in  diameter  and  the  tube  idate  is  stiffened  by 
flanged  ribs  or  gussets,  no  stays  need  by  used  if  a  hydrostatic  test  to  destruction  of  a  boiler  or 
unit  section  built  in  accordance  with  the  construction,  shows  that  the  factor  of  safety  is  at 
least  5. 

216  In  a  fire  tube  boiler,  stays  shall  be  used  in  the  tube  sheets  if  the  distances  between  the 
edges  of  the  tube  holes  exceed  the  maximtun  pitch  of  staybolts  given  in  Table  3.  That  part  of 
the  tube  sheet  which  comes  between  the  tubes  and  the  shell,  need  not  be  stayed  when  the  dis- 
tance from  the  inside  of  the  shell  to  the  outer  surface  of  the  tubes  does  not  exceed  that  given 
by  the  formula  in  par.  199,  (page  2,201)  using  160  for  the  value  of  C. 

217  The  net  area  to  be  stayed  in  a  segment  of  a  head  may  be  determined  by  the  following 
formula:  

4  {H—S)^^     \2  (R—S) 


V 


-X^  /     (S^)  —.608  -area  to  be  stayed,  sq.  in. 


where 

H  ""distance  from  tubes  to  shell,  in. 
R  >-radius  of  boiler  head,  in. 

218  When  the  portion  of  the  head  below  the  tubes  in  a  horizontal  return  tubular  boiler  is 
provided  with  a  manhole  opening,  the  flange  of  which  is  formed  from  the  solid  plate  and  turned 
mward  to  a  depth  of  not  less  than  three  times  the  thickness  of  the  head,  measured  from  the 
outside,  the  area  to  be  stayed  as  indicated  in  fig.  3,905,  may  be  reduced  by  100  sq.  in.  The 
surface  around  the  manhole  shall  be  supported  by  through  stays  with  nuts  inside  and  outside 
at  the  front  head. 
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Boiler  Code.— Slay  BoUs—Conliniieil. 

Table  4.    Maximum  Allowable  Stresses  for  Stays  and  Staybolts 


Stresses,  pounds  per  square  inch 

Descnption  of  stays 

For  lengths 

between  supports 
not  exceeding 
120  diameters 

For  lengths 

between  supports 

exceeding 

120  diameters 

a  Unwelded  stays  less  than  twenty  di- 
ameters long  screwed  through 
plates  with  ends  riveted  over 

b  Unwelded  stays  and  unwelded  por- 
tions  of   welded   stays,   except   as 

7,500 

9,500 
6,000 

^glhojfl)' 


ataybolts  stinU  be  i 
The  length  of  tt 


:d  through  the  ahee 

X«n  i  *Tabl'  "^' 
BtaybetwHQSuppr 
are  biued  on  tensk 


a  shall  be  measured  fro 
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■CHANNCL  BARS 
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Fig.  3.953. — Angle  and  channel  bars  for  through  stay  connections. 


A.S.M.E.  Boiler  Codfi — Stresses  in  Diagonal  and  Gusset  Stays 

221  Multiply  the  area  of^a_  direct  stay  required  to  support  the  surface  by  the  slant  or 
diagonal  length  of  the  stay;  divide  this  product  by  the  length  of  a  line  drawn  at  right  angles 
to  surface  supported  to  center  of  palm  of  diagonal  stay.  The  quotient  will  be  the  required  area 
of  the  diagonal  stay. 

where 

A  ^sectional  area  of  diagonal  stay,  sg.  in. 
a  "^sectional  area  of  direct  stay,  sq.  in. 
L  ^length  of  diagonal  stay,   in. 

/  ^length  of  line  drawn  at  right  angles  to  boiler  head  or  surface  supi>orted  to  center  of 
palm  of  diagonal  stay,  in. 
Given  diameter  of  direct  stay  =  1  in. ,  c  =0.7854,  L  =60  in., 
/  =48  inches;  substituting  and  solving: 
4  „  .7854X60 


48 


.981  sectional  area,  sq.  in. 


Diameter  =  1.11  inches  =1H  in. 

222  For  staying  segments  of  tube  sheets  such  as  horizontal  return  tubular  boilers,  where 
L  is  not  more  than  1.15  times  /  for  any  brace,  the  stays  may  be  calcidated  as  direct  stays, 
allowing  90  per  cent,  of  the  stress  given  in  Table  4  (page  2,221) . 

A.S.M.E,  Boiler  Code. — Diameter  of  pins  and  area  of  rivets  in  brace, 

223^  The  sectional  area  of  pins  to  resist  double  shear  and  bending  when  secured  in  crow" 
foot,  sling,  and  similar  stays  shall  be^  at  least  equal  to  three-fourths  of  the  required  cross- 
sectional  area  of  the  brace.  The  combined  cross  section  of  the  eye  at  the  sides  of  the  pin  sbaU 
be  at  least  25  per  cent,  greater  than  the  required  cross-sectional  area  of  the  brace. 

The  cross-sectional  area  9f  the  rivets  attaching  a  brace  to  the  shell  or  head  shall  be  not  less 
than  one  and  one  quarter  times  the  required  sectional  area  of  the  brace.  Each  branch  of  a 
crowfoot  shall  be  designed  to  carry  two-thirds  of  the  total  load  on  the  brace.  The  net  sectiotial 
areas  through  the  sides  of  the  crowfeet,  tee  irons  or  similar  fastenings  at  the  rivet  holes  shall 
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A.S.M.E,  Boiler  Code, — Diameter  of  pins  and  area  of  rivets  in  braces, — Continued, 

be  at  least  equal  to  the  required  rivet  section .    All  rivet  holes  shall  be  drilled  and  burrs  removed , 
and  the  pins  shall  be  made  a  neat  fit. 

224  Gussei  stays  when  constructed  of  triangular  right-angled  web  plates  secured  to  single 
or  double  angle  bars  along  the  two  sides  at  right  angles  shall  have  a  cross-sectional  area  (in  a 
plane  at  right  angles  to  the  longest  side  and  passing  through  the  intersection  of  the  two  shorter 
sides)  not  less  than  10  per  cent,  greater  than  would  be  required  for  a  diagonal  stay  to  support 
the  same  surface,  figured  by  the  tormula  in  par.  221,  assuming  the  diagonal  stay  is  at  the  same 
angle  as  the  longest  side  of  the  gusset  plate. 

A,S,M.E.. Boiler  Code. — Crown  bars  and  girder  stays, 

230    Crown  bars  and  girder  stays  for  tops  of  combustion  chambers  and  back  connections, 
or  wherever  used,  shall  be  proi)ortioned  to  conform  to  the  following  formula: 

Maximum  allowable  working  pressure 


(W—P)XDXW 
where 

W  "extreme  distance  between  supports,  in. 
P  « pitch  of  supporting  bolts,  in. 
D  ^distance  between  girders  from  center  to  center,  in. 
rf —depth  of  girder,  in. 
T*Bthickness  of  girder,  in. 

C  ■•7,000  when  the  girder  is  fitted  with  one  supporting  bolt 
C  ■•10,000  when  the  girder  is  fitted  with  two  or  three  supporting  bolts 
C  "=11,000  when  the  girder  is  fitted  with  four  or  five  supporting  bolts 
C  =«1 1,500  when  the  girder  is  fitted  with  six  or  seven  supporting;  bolts 
C  >>  12,000  when  the  girder  is  fitted  with  eight  or  more  supportmg  bolts 

Example:    Given  TT  «  34  in.,  P  =  7.5  in.,  D  =  7.75  in.,  d  -  7.5  in..  T  -  2  in.;  three 
stays  per  girder,  C  *«  10,000;  then  substituting  in  formula: 


Maximum  allowable  working  pressxire  « 

10,000X7.5X7.5X2 
(34— 7.6)X7.75X34 


U,S,  Marine  Ruleg,— Stays. 


161.1  lb.  per  sq.  in. 


The  maximum  working  pressure  in  pounds  allowable  i>er  square  inch  of  cross- 
sectional  area  for  stays  used  in  the  construction  of  marine  boilers  where  same  are  accurately 
fitted  normal  to  supported  surfaces  and  properly  secured  shall  be  ascertained  by  the  following 
formula: 


Where  P  —working  pressure  in  pounds. 

A  —least  cross-sectional  area  of  stay  in  inches. 

a  —area  of  surface  supported  by  one  stay  in  inches. 

C  —  a  constant. 

C  —9,000  for  tested  steel  stays  1  inch  and  upward  in  diameter  when  such  stays  are 
not  forged  or  welded.  The  ends  may  be  upset  to  a  sufficient  diameter  to 
allow  for  the  depth  of  the  thread .  The  diameter  shall  be  taken  at  the  bottom 
of  the  thread,  provided  it  is  the  least  diameter  of  the  stay.  All  such  stays 
after  being  upset  shall  be  thoroughly  annealed. 

C— 8,000  for  a  tested  Huston  or  similar  type  of  brace,  the  cross-sectional  area  of 
which  exceeds  5  square  inches. 

C  —  7,(XH)  for  such  tested  braces  when  the  cross-sectional  area  is  not  less  than  1.227 
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U.S,  Marine  RuUm, — Stays, -—Continued 

and  not  more  than  5  square  inches,  provided  such  braces  are  prepared  at  one 
heat  from  a  solid  piece  of  plate  without  welds. 
C  "7,fiOO  for  wrought  iron  stays  1  inch  and  upward  in  diameter  when  made  of  the 
best  quality  of  refined  iron.  The  ends  may  be  upset  to  allow  for  the  depth 
of  the  thread.  The  diameter  shall  be  taken  at  the  bottom  of  the  thitad, 
provided  it  is  the  least  diameter  of  the  stay.     Such  stays  may  be  welded. 

Where  C  ■■  6,000  for  welded  crowfoot  stays  when  made  of  best  quality  of  refined  wrought  iron, 
and  for  all  stays  not  otherwise  provided  for  when  made  jof  the  best  quality  of 
refined  iron  or  steel  without  welds. 

Example. — ^Required  the  working  pressure  of  a  stay  1  inch  in  diameter,  pitched  6  inches 
by  6  inches  center  to  center. 

XKT    u:  (1X1X.7854)X  6.000     ,„.  . 

Working  pressure  »-^ Trrrx — 130.9  pounds. 

oXo 

Stay  bolts  and  stays  made  of  the  best  quality  of  refined  wrought  iron  may  be  welded. 
The  lengthening  of  steel  stays  by  welding  shall  not  be  allowed. 

U.S.  Marine  Rulee. — Screw  Stays. 

The  diameter  of  a  screw  stay  shall  be  taken  at  the  bottom  of  the  thread. /provided  it  is 
the  least  diameter  of  the  stay. 

For  all  stays  the  least  sectional  area  shall  be  taken  in  calculating  the  stress  sdlowable. 

All  screw  stay  bolts  shall  be  drilled  at  the  ends  with  a  three-sixteenths-inch  hole  to  at 
least  a  depth  of  one-half  inch  beyond  the  inside  surface  of  the  sheet.   Stays  through  laps  or  butt 
straps  may  be  drilled  with  larger  hole  to  a  depth  so  that  the  inner  end  of  said  larger  hole  shall 
not  be  nearer  than  the  thickness  of  the  boiler  plates  from  the  inner  surface  of  the  boiler. 
Hollow-rolled  screw  stay  bolts  may  be  used. 

Flexible  stay  bolts  that  are  made  with  a  ball  in  socket  on  one  end,  the  sodeet  screwed  into 
the  outside  sheet  and  covered  with  a  removable  cap  and  bolt  screwed  mto  the  inside  sheet  and 
riveted  over,  may  be  used  for  staying  flat  surfaces  without  being  drilled  with  a.  telltale  hole. 

Such  screw  stay  bolts,  with  or  without  sockets,  may  be  used  in  the  construction  of  marine 
boilers  where  fresh  water  is  used  for  generating  steam:  Provided ^  however.  That  screw  stay 
bolts  of  a  greater  length  than  24  inches  will  not  be  allowed  in  any  mstanoe,  unless  the  ends  « 
said  bolts  are  fitted  with  nuts.  Water  used  from  a  surface  condenser  shall  be  deemed  fresh 
water. 

Holes  for  screw  stays  shall  be  tai)i)ed  fair  and  true,  and  full  thread. 

The  ends  of  stays  which  are  upset  to  include  the  depth  of  thread  shaU  be  thoroughly 
annealed  after  being  upset. 

17.5.  Marine  Rulee. — Pins  and  Rivets. 

The  sectional  area  of  pins  to  resist  double  shear  and  bending,  accurately  fitted  and  secured 
in  crowfeet,  sling,  and  similar  stays,  shall  be  at  least  equal  to  eight-tenths  of  the  required 
sectional  area  of  the  brace.  Breadth  across  each  side  and  depth  to  crown  of  eye^shaU  not  be 
less  than  .35  of  diameter  of  pin.  In  order  to  compensate  for  inaccurate  distribution  the  forks 
shall  be  proportioned  to  support  two-thirds  of  the  load,  thickness  of  forks  to  be  not  less  than 
.66  of  the  diameter  of  pin. 

The  combined  sectional  area  of  rivets  used  in  securing  tee  irons  and  crowfeet  to  shell. 
said  rivets  being  in  tension ,  shall  be  not  less  than  the  requiredsectional  area  of  brace .  To  insure 
a  well  proportioned  rivet  point,  rivets  shall  be  of  sufficient  length  to  completely  fill  the  rivet 
holes  and  form  a  head  equal  in  strength  to  the  bod^  of  the  rivet.  All  rivet  holes  shall  be  drilled. 
Distance  from  center  of  rivet  hole  to  edge  of  tee  irons,  crowfeet,  and  similar  fastenings,  >hau 
be  so  pro^rtioned  that  the  net  sectional  areas  through  sides  at  rivet  holes  shall  equal  the 
required  rivet  section.  Rivet  holes  shall  be  slightly  countersunk  in  order  to  fonn  a  fillet  st 
pomt  and  bead. 
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Boiler  Openings. — ^There  are  numerous  openings  into  the 
water  and  steam  space  of  the  boiler  ^hieh  are  necessary  for  proper 
operation  and  care.    They  may  be  divided  into  classes: 

1.  The  major  openings. 


U.S.  Marine  Rules. — Pins  and  rivets. — Continued. 

When  sling  stays  are  connected  by  pins  to  angles  secured  to  shell,  said  angles  shall  be  of 
sufficient  depth  to  resist  shear.  Section  to  resist  shear  shall  be  of  sufficient  depth  to  resist 
shear.    Section  to  resist  shear  shall  be  determined  by  the  following  formula: 

A-DX2T 

2T 

Where  A  >"sectional  area  of  pin. 

D  «depth  from  edge  of  pinhole  to  end  of  leg. 
2T  OS  thickness  of  two  angles. 

Example. 

Diameter  of.  sling  stay,  2  inches.  Diameter  of  pin,  1.6  inches.  Thickness  of  angle,  seven- 
eighths  of  an  inch.    Required  the  depth  from  edge  of  pinhole  to  end  of  leg. 

Substituting  values  and  solving: 

T.      .7854X1.6X1.6      ,--.     , 
^ 2X:876 1.15  inches. 

Minimum  diameter  of  rivets  shall  be  found  as  follows: 


Minimum  diameter  ■■  -J ^°^*^ 

^  .7854X12,000XN 

where  N  equals  number  of  rivets.    Rivets  shall  be  staggered  in  each  leaf. 

U.S.  Marine  Rules. — Tests  of  Bars  for  Stays  and  Braces. 

All  steel  bars  to  be  used  as  stays  or  braces  in  marine  boilers  and  allowed  a  stress  of  7,000, 
8,000,  or  9,000  jtounds  per  square  inch  of  section,  tested  by  the  United  States  assistant  inspec- 
tors at  the  mills  where  the  material  is  manufacttu:ed,  shall  be  tested  in  the  following  manner: 
There  shall  be'  taken  from  each  heat  two  pieces  for  tensile  tests  and  two  pieces  for  bending 
tests.  The  full-size  bars  within  the  capacity  of  the  testing  machine  may  be  used  for  tensile 
tests.'  Where  the  full  size  of  the  bar  is  too  large  for  the  capacity  of  the  testing  machine,  the 
bar  may  be  reduced  in  size  to  meet  such  capaaty.  To  facihtate  and  insure  accurate  tests,  all 
bars  for  tensile  and  bending  tests  may  be  reduced  in  size.  The  minimum  tensile  strength  of 
each  test  piece  shall  be  not  less  than  58,000  pounds  per  square  inch  of  section  and  each  test 
piece  that  has  been  reduced  in  size  shall  show  an  elongation  of  at  least  28  per  cent,  in  2  inches. 
where  the  full  size  of  the  bar  has  been  used  for  testing,  the  test  piece  shall  show  an  elongation 
of  at  least  25  per  cent,  in  8  inches.  W^^n  the  tensile  strength  of  the  test  piece  is  more  than 
63,000  potmds  per  square  inch  of  section,  each  test  piece  that  has  been  reduced  in  size  shall 
show  an  elongation  of  at  least  26  per  cent,  in  2  inches.  Where  the  full  size  of  the  bar  has  been 
used  for  testing,  each  test  piece  shall  show  an  elongation  of  at  least  22  per  cent,  in  8  inches. 
The  pieces  for  the  bend  test  shall  be  bent  cold  to  a  curve,  the  inner  radius  of  which  is  equal  to 
one  and  one-half  times  the  diameter  of  the  bar  without  flaws  or  cracks.  Should  any  such  test 
bar  fail  in  either  the  tensUe  or  bending  test,  no  bars  from  such  heat  shall  be  allowed  to  be  used 
in  the  construction  of  any  marine  boiler.  Where  a  heat  of  steel  bars  has  been  passed  by  an 
inspector,  separate  lots  of  bars  from,  such  heat  may  be  furnished  to  different  boiler  manufac- 
turers upon  a  certificate  from  the  mill  that  the  bars  were  made  from  such  accepted  heat. 
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a.  Hand  hole 

b.  Manhole 


2.  The  minor  openings. 


a.  Steam 


b.  Water 


'  main  outlet 
outlet  for  safety  valve 
outlets  for  auxiliary  steam 

^  ouUet  for  injector 

outlets  for  gauge  cocks 
outlets  for  water  gauge 
outlet  for  blow  off  valve 
outlet  for  scum  cock 
inlet  for  feed  water 


PiGSt  3td54  to  3,058. — ^Hand  hole  and  man  hole  construction. 


Hand  Holes  and  Man  Holes. — ^These  are  placed  in  such  position  that 
accumulations  of  sediment  can  be  removed  and  that  tools  can  be  inserted 
for  cleaning  boiler  tubes  and  shell  and  so  that  entrance  can  be  had  for  the 
examination  and  replacing  of  stays,  braces,  tubes  and  pipe  connections. 
The  man  hole  for  a  horizontal  tubular  boiler  is  usually  placed  in  the  top  of 
the  shell  or,  for  large  boilers,  in  the  head  above  the  Y^ter  line.  In  water- 
tube  boilers  the  man  hole  is  placed  in  the  end  of  the  steam  drum  and  for 
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large  sizes  a  manhole  is  placed  in  the  end  of  the  mud  drum  as  well.  For 
smaller  sizes  a  large  hand  hole  is  used  in  the  mud  drum  in  place  of  the 
man  hole. 

In  horizontal  tubular  boilers,  the  hand  hole  is  placed  in  each  head  below 
the  tubes  and  for  vertical  boilers  hand  holes  are  placed  opposite  the  crown 
sheet  and  at  the  bottom  of  the  water  leg .  The  man  hole  is  usually  made  11X15 
inches,  the  longer  diameter  being  placed  at  right  angles  to  the  axis  of  the 
shell.  The  opening  is  made  elliptical,  and  since  the  removal  of  the  section 
of  the  shell  reduces  its  strength,  reinforcement  must  be  used,  either  by  flang- 
ing over  the  shell  or  by  riveting  on  a  collar  arovuid  the  opening. 

The  sectional  area  of  the  reinforcing  rings  should  be  not  less  than  that  of 
the  plate  removed  measured  on  the  hne  parallel  to  the  axis  of  the  shell. 


Fto.  3.950. — ^Eclipse  man-hole  construction. 


Many  builders  of  boilers  use  a  special  form  of  man  hole  head  called  the 
*  EcUpse."  In  this  the  strengthening  of  the  shell  is  secured  by  flanging  the 
boiler  head  around  the  opening  and  a  steam  tight  joint  is  formed  by  using 
a  tongue  and  groove  joint,  as  shown  in  fig.  3,959. 

The  accompanying  table  shows  the  area  of  hand  and  man  holes  in  square 
inches,  and  will  be  found  useful  in  calculating  the  total  pressure  upon  the 
hand  and  man  hole  plates. 


A.S.M.E,  Boiler  Codem — Man  holes. 

258.  An  elliptical  manhole  opening  shall  be  not  less  than  11  X  15  inches  or  10  X  16 
inches  in  size.    A  circular  manhole  opening  shall  be  not  less  than  15  inches  in  diameter. 

259.  A  manhole  reinforcing  ring  when  used,  shall  be  of  steel  or  wrought  iron,  and  shall 
be  at  least  as  thick  as  the  shell  plate. 

260.  Manhole  frames  on  shells  or  drums  when  used,  shall  have  the  proper  curvature, 
and  on  boilers  over  48  inches  in  diameter  shall  be  riveted  to  the  shell  or  drum  with  two  rows 
of  rivets,  which  may  be  pitched  as  shown  on  page  2,215.  The  strength  of  the  rivets  in  shear 
on  manhole  frames  and  reinforcing  rings  shall  be  at  least  equal  to  the  tensile  strength  of  that 
part  of  the  shell  plate  removed,  on  a  line  parallel  to  the  axis  of  the  shell,  through  the  center  of 
the  manhole,  or  other  opening. 
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Area  of  Hand  Holes  and  Man  Holes 


Long  diameter 

Short 
diameter 

6 

8 

10 

12 

12H 

13 

14 

UH 

15 

Area  in  square  inches 

4 

4M 
5 

5H 
6 

7 

7K 
8 

8H 
9 

9J^ 
10 

lOH 
11 

18.85 

21.2 

23.56 

31.41 
34.55 
37.69 
40.84 
43.98 

47.12 
51.04 
54.97 
58.90 
62.83 
66.75 

61.^62 
65.97 
70.68 
75.39 
80.13 
84.82 
89.53 
94.24 

68.72 
73.59 
78.54 
83.64 
88.36 
93.3 
98.17 
103.08 

71.47 

76.57 

81.68 

86.78 

91.89 

96.99 

102.10 

107.20 

11?.31 

87.96 
93.46 
99.06 
104.45 
109.95 
115.45 
120.95 

97.23 
102.49 
108.18 
113.88 
119.61 
125.27 

111.91 
117.81 
123.70 
129.59 

A*S,M,E.  Boiler  Code, — Man  holes. "•'Continued, 

261.  The  proportions  of  manhole  frames  and  otiier  reinforcing  rings  to  conform  to  the 
above  specifications  may  be  determined  by  the  use  of  the  following  formule,  which  are  based 
on  the  assumption  that  the  rings  shall  have  the  same  tensile  strength  per  square  inch  of  section 
as,  and  be  of  not  less  thickness  than,  the  shell  plate  removed. 


Where 


For  a  single-riveted  ring: 

For  a  double-riveted  ring: 

For  two  single-riveted  rings: 

For  two  double-riveted  rings: 
W  >:least  width  of  reinforcing  ring,  in. 


pr-^,+. 


W 


W 


iXh 


\-2d 


2X< 

4xr 


w 


IXh 


4X< 


\-2d 
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Ques.  How  is  the  area  of  an  elliptical  hand  or  man  hole 
plate  calculated? 

Ans.  The  area  of  an  ellipse  is  equal  to  the  product  of  its  semi- 
axesX3.1416,  or=product  of  its  axesX  .7854. 

Ques.  Why  is  only  one  or  two  bolts  sufiEicient  for  secur- 
ing a  hand  or  man  hold  cover  to  the  boiler? 

Ans.  Because  the  pressure  of  the  steam  does  not  come  on  the 
bolts  but  on  the  boiler  plate,  the  bolts  serving  merely  to  hold  the 
cover  in  place  when  there  is  no  internal  pressure  on  the  boiler. 


A.S.M.E. — Boiler  Code. — Man  kcles, — Continued, 

h  —thickness  of  shell  plate,  in. 

d  ■-diameter  of  rivet  when  driven,  in. 

I  —thicknessof  reinforcing  ring — not  less  than  thickness  of  the  shell  plate,  in. 
T  "tensile  strength  of  the  ring,  pounds  per  sq.  in.  of  section 

a  »net  section  of  one  side  of  the  ring  or  rings,  sq.  in. 

5  —shearing  8tren|[th  of  rivet,  pounds  per  sq.  in.  of  section  (see  par.  16.  page  2,177.) 

I  —length  of  .oi>ening  in  shell  m  direction  parallel  to  axis  of  shell,  in. 
N  —number  of  rivets 

To  find  the  number  of  rivets  for  a  single  or  double  reinforcing  ring: 

s.ixrxa 


Ar  + 


SXdi 


262.  Man  hole  plates  shall  be  of  wrought  steel  or  shall  be  steel  castings. 

263.  The  minimum  width  of  bearing  surface,  for  a  gasket  on  a  manhole  openinj?  shall 
be  H  inch.  No  gasket  for  use  on  a  man  hole  or  hand  hole  of  any  boiler  shall  have  a  thickness 
greater  than  M  inch. 

264.  A  man  hole  shall  be  located  in  the  front  head,  below  the  tubes,  of  a  horizontal  return 
tubtilar  boiler  48  inches  or  over  in  diameter.  Smaller  boilers  shall  have  either  a  man  hole  or  a 
hand  hole  below  the  tubes.  There  shall  be  a  man  hole  in  the  upper  part  of  the  ?hell  or  head  of  a 
fii«-tube  boiler  over  40  inches  in  diameter,  except  a  vertical  fire- tube  boiler,  or  except  on 
internally  fired  boilers  not  over  48  inches  in  diameter.  The  man  hole  may  be  placed  in  the  head 
of  the  dome.    Smaller  boilers  shall  have  either  a  man  hole  or  a  hand  hole  above  the  tubes. 

A.S.M,E.  Boiler  Code. — Washout  Holes. 

265.  A  traction,  portable  or  stationary  boiler  of  the  locomotive  type  shall  have  not  less 
than  six  hand  holes,  or  washout  plugs,  located  as  follows:  one  in  the  rear  head  below  the  tubes; 
one  in  the  front  head. at  or  about  the  line  of  the  crown  sheet;  four  in  the  lower  part  of  the 
water  leg;  also,  where  possible,  one  near  the  throat  sheet. 

266.  A  vertical  fire-tube  .boiler,  except  the  boiler  of  a  steam  fire-engine,  shall  have  not 
less  than  seven  hand  holes,  located  as  follows:  three  in  the  shell  at  or  about  the  Ime  of  the  crown 
sheet;  one  in  the  shell  at  or  about  the  line  of  the  fusible  plug  when  used;  three  in  the  shell  at 
the  lower  part  of  the  water  leg.  A  vertical  fire-tube  boiler,  submerged  tube  type ,  shall  have  two 
or  more  hand  holes  in  the  shell,  in  line  with  the  upper  tube  sheet. 

267.  A  vertical  fire-tube  boiler  of  a  steam  fire-engine  shall  have  at  least  three  brass  wash- 
out plugs  of  not  less  than  1-incb  iron  pipe  size,  screwed  mto  the  shell  and  located  as  follows:  one 
at  or  about  the  line  of  the  crown  sheet;  two  at  the  lower  part  of  the  water  leg. 
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Oues.    When  a  man  hole  Is  cut  hi  a  shell  how  is  the 
shell  rehiforced  ? 

Ans,    By  a  forged  steel  rii^  fitted  about  the  hole  as  shown  in 
figs.  3,960  and3,961. 

Ques.    How  Is  a  t^t  joint  secured  on  a  hand  or  man 
hole? 

Ans.     By  means  of  a  gasket. 


1,  showing  ninCordng  ring  ai 


—MohIkIih,  Bandlwles, 


,  All  boilers  built  on  and  after  AuguKt  1,  1914,  shall  bavo  a  inanbole  openina  above  ll« 
>r  tub«  of  not  less  than  10  by  IBmches,  11  by  15  inches,  or  of  an  equal  area,  intbe 
und  shall  have  such  other  Tmuthole  opeoinsB  in  other  parts  of  the  boiler  US  may  be  reQuind 
al  inspectors  when  conaideria^  blue  prints  or  tracinra  submitted  to  them  for  approval.  c4 
int  dimensiona  to  allow  essr  access  to  the  iateiior  c3  the  boiler  for  the  puipoae  of  inspcc- 


When  holes  exceeding  6  inches  in  diameter  an  cut  in  boilen  for  jn^  conoectionB,  manhole 
and  handhole  plates,  sudi  holes  shall  be  reinforced,  eithtir  on  the  innda  or  outiida  of  boils, 
with  reinforcing  wrau^ht-iron  or  ateel  ringa.  which  shall  be  aecurely  riveted  or  properly  fas> 
tened  to  the  boiler,  such  reiofonang  material  to  be  lings  of  suCGdent  width  and  thidmess  of 
material  to  fully  compensate  for  the  amount  of  material  cut  from  such  boHers.  hx  flat  surfaces; 
and  where  such  openuw  is  made  in  the  circumferexttial  plates  oE  such  bcileiB.  the  rt^onpp^ 
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Fig.  3,062. — Method  of  riveting  man-hole  frames  to  shells  or  drums  with  two  rows  of  rivets. 


Pig.  8,063. — Cahill  swinging 
man-hole  cover.  It  is  hinged 
to  the  boiler,  thus  permitting 
it  to  be  moved  bade  from  its 
closed  i>ositk>n, and  yet  kept 
in  position  for  immediate  re- 
placement. This  insures  that 
the  cover  will  always  come 
back  to  exactly  the  same 
position,  so  that  the  gasket 
will  fit  in  the  same  place  each 
time. 


V 


'W  ^  N 


V       N 


U.S.  Marine  Rule: — Man  holts,  hand  holes  and  holes  for  pipe  conneaions, — Continued 

ring  shall  have  a  sectional  area  equal  to  at  least  one-half  of  the  sectional  area  of  the  opening 
parallel  with  the  longitudinal  seams  of  such  portion  of  the  boiler.  On  tx>ilers  carrying  76  pounds 
or  less  steam  pressure  a  cast-iron  stop  valve,  properly  flanged,  may  be  used  as  a  reinforcement 
to  such  opemng.    When  holes  are  cut  in  any  flat  surface  of  such  boilers  and  such  holes  are 
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Steam  Domes. — The  use  of  steam  domes  is  practically  a  thing 
of  the  past  except  on  locomotive  and  some  special  boilers. 


Formerly  it  was  thought  that 
Dearly  dry  st«ani  couldnot  ba 
obtained  without  Uie  use  of  a 
drane,  but  it  has  since  been  found 
out  liat  practically  the  same 
results  can  be  obtained  withoul 
a  dome  by  means  of  a  properly 
designed  so  called  dry  pipe, 
collecting  the  steam  along  the 
entire  length  of  the  boiler.  This 
avoids  the  extra  expense  of  a 
dome  and  the  objectioa  that  it 
tends  to  weaken  the  shell. 


Ques.  What  Is  neces- 
sary to  obtain  ^ood  re- 
sults with  either  a  steam 
dome  or  a  dry  pipe? 


Pm.  8,QM. — Steam  duma  with  CHt  iron  heail  Biranged  for  num-hole  on  ocomotivB  boUei. 


U.  S.  Marine  Oult.^Manholis,  handlitilis  and  icksfor  pipt  coHnealoHs 
Staged  inwardlj-  to  a  depth  of  not  leu  than  l>j  uicheii.  mcBsurmg  fiDm  the  oi 
remlorcemeDt  noga  may  be  digpeOMd  with. 

When  Teinf orcmg  tinfia  ab  described  above  are  made  of  wrought  mm  or  sb 
■ball  not  be  required  to  be  tested. 

Seamlera  foTsed  Bteel  noiilei  mer  be  used  tor  reloforcing  holei  cut  in  1 
amount  at  material  in  the  flange  of  the  nddle  that  ii  lecured  to  the  boiler  a  eqiii 
of  material  removed  from  the  boilei. 

Nci  AmnK-tion  between  shell  of  boiler  and  mud  drum  thai]  exceed  9  inches  i 
le  mud-drum  leg  shall  coniitt  of  an  equal  amount  of  isaterial  tc 


oilen  when  thi 
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Ans.  There  should  be  an  adequate  amount  of  liberating  sur- 
face, and  the  boiler  not  operated  beyond  a  reasonable  overload 
capacity. 

Ques.  What  size  opening  is  cut  in  the  shell  to  com- 
municate with  the  dome? 

Ans.  Some  makers  place  the  upper  man  hole  in  the  dome 
instead  of  the  boiler  head,  while  others  make  the  opening  just 
large  enough  to  pass  the  steam  at  the  proper  velocity. 


Fig.  3,966. — Steam  dome  with  diagonal  bracing  and  having  steam  and  drain  opening  in  shell* 

For  man  hole  construction  the  large  opening  is  reinforced  by  flanging 
the  shell  into  the  dome,  as  in  fig.  3,964,  ana  sometimes  further  strengthened 
by  riveting  around  it  a  heavy  ring.  Where  the  opening  serves  solely  as  a 
steam  outlet  small  drain  holes  should  be  dtdled  at  the  lowest  point  on  each 
side. 


A.S.MJE.  Boiler  Code — Domes, 

104  The  longitudinal  joint  of  a  dome  24  in.  or  over  in  diameter  shall  be  of  butt  and 
double-strap  construction,  and  its  flange  shall  be  double  riveted  to  the  boiler  shell  when  the 
maximum  allowable  working  pressure  exceeds  100  lb.  per  sq.  in. 

The  longitudinal  joint  of  a  dome  less  than  24  in.  in  diameter  may  be  of  the  lap  type,  and 
its  flange  may  be  single  riveted  to  the  boiler  shell  provided  the  maximum  allowable  working 
pressure  on  such  a  dome  is  computed  with  a  factor  of  safety  of  not  less  than  8. 

The  dome  may  be  located  on  the  barrel  or  over  the  fire-box  on  traction,  i>ortable  or  station- 
ary boilers  of  the  locomotive  type  up  to  and  including  48  in.  barrel  diameter.  For  larger 
barrel  diameters,  the  dome  shall  be  Diaced  on  the  barrel. 
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Ques.    What  is  the  usual  proportion  of  a  steam  dome? 

Ans.     The  diameter  and  height  is  usually  about  one-half  the 
diameter  of  the  boiler. 


The  usual  proportions  for  various  size  boilers  are  given  in  the  following 
table: 

Proportions  of  Steam  Domes 

For  100  pounds  pressure 


Thickness 

Thickness 

Diameter  of 

Diameter  of 

Height  of 

of  dome 

of  dome 

boiler 

dome 

dome 

shell 

head 

36 

20 

22 

^ 

^^ 

38 

20 

22 

^ 

40 

22 

24 

^ 

^ 

42 

22 

24 

^ 

44 

24 

26 

ji 

^ 

46 

24 

26 

^ 

f^ 

48 

26 

28 

60 

26 

28 
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52 

28 

30 

^« 

H 

54 

28 

30 

*-<« 

H 

56 

30 

32 

'^ 

H 

58 

30 

32 

H 

60 

32 

34 
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H 

62 

32 

34 

^^ 

64 

34 

36 

^ 

H 

66 

34 

36 

% 

Is 

68 

36 

38 

% 

70 

36 

38 

5^ 

^6 

72 

36 

40 

H 

'/it 

The  Minor  Openings. — The  ordinary  horizontal  tubular 
boiler  should  be  provided  with: 

1.  Two  main  outlets  for  steam  (one  being  for  main  steam  sup- 
ply and  the  other  for  supply  to  auxiliaries) . 

2,  An  independent  outlet  for  injector  only. 
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3.  Two  outlets  for  water  column  connections. 

4.  Opening  for  fusible  plug. 

5.  Inlet  for  feed  water. 

6.  Outlet  for  scum  cock. 

7.  Outlet  to  blow  oflE  cock. 


On  vertical  boilers  the  water  column  fixtures  are  usually  connected  direct 
to  the  shell,  thus  there  will  be  in  addition  to  the  above,  three  openings  for 
gauge  cocks,  two  for  water  gauge,  one  for  steam  gauge.  There  is  usually 
only  one  main  steam  outlet,  the  safety  valve  being  attached  to  a  branch 
connection  from  the  outlet.  On  all  boilers  there  should  be  a  separate  out- 
let for  the  injector,  and  steam  should  not  be  taken  for  any  other  purpose 

from  this  outlet. 

• 

Figs.  3,d73  to  3,975  show  the  minor  openings  for  horizontal  and  vertical 
boilers. 

The  following  table    gives    the    usual    proportions    for  the 
minor  openings: 


A,S,M,E»  Boiler  Code. — Threaded  openings, 

268  An  openins  in  a  boiler  for  a  threaded  pipe  connection  1  in.  in  diameter  or  over  shall 
have  not  less  than  the  number  of  threads  given  in  Table  7. 

Table  7.    Minimum  Number  of  Pipe  Threads  for  Connections 

to  Boilers 


Size  of  pipe  connec- 
tion, in 

1  and  IH 

IH  and  2 

2^  to  4 
inclusive 

4Hto6 
inclusive 

7  and  8 

9  and  10 

12 

Number  of  threads 
per  in 

IIH 

IIH 

8 

8 

8 

8 

8 

Kiinimum  number  of 
threads  required  in 
openms 

4 

5 

7 

8 

10 

12 

13 

Minimum  thickness 
of     material     re- 
quired    to     give 
above  number  of 
threads,  in 

0.348 

0.435 

0.876 

1 

1.25 

1.6 

1.626 

If  the  thickness  of  the  material  in  the  boiler  be  not  sufficient  to  give  such  number  of  threads, 
there  shall  be  a  pressed  steel  flange,  bronze  composition  flange,  steel-cast  flange  or  steel  plate, 
so  as  to  give  the  reqtiired  number  of  threads,  constructed  and  riveted  to  the  boiler  in  accordance 
with  methods  given  in  par.  261  (page  2,228).  A  steam  main  or  safety  valve  opening  mav 
be  fitted  with  either  a  steel  cast,  wrought-steel  or  bronze  composition  nozzle.  A  feed- 
pipe connection  may  be  fitted  with  a  brass  or  steel  boiler  bushing. 
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Minor  Openings  In  Horizontal  Tubular  Boilers 


Ques.    What  are  nozzles  ? 

Ans.     Short  flanged  nipples  riveted  to  the  main  steam  outlets. 

Ques,    Of  what  material  should  nozzles  be  made? 

Ans.     Of  pressed  steel. 
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Fig.  3,97G. — Minor  optntapi  In 

bmler.    In  thia  type  hoife  tl 
plugii  tapptdin'  '  ■■ 
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1-1  III  --      — * 

The  table  on  page  2,238  gives  the  "properties*'  of  stationary 
and  marine  boiler  tubes. 


A.S.M.E,  Boiler  Code, — Tubes. 

21  Tubes  for  Water  Tube  Boilers.  The  minimum  thickness  of  tubes  used  in  water  tube 
boilers  measured  by  Birmingham  wire  gauge,  for  maximum  allowable  working  pressures  not 
exceeding  165  lb.  per  sq.  in.,  shall  be  as  follows: 

Diameters  less  than  3  in No.  12  B.W.G. 

Diameter  3  in.  or  over,  but  less  than  4  in No.  11  B.W.G. 

Diameter  4  in.  or  over,  but  less  than  5  in No.  10  B.W.G. 

Diameter  5  ia No.    9  B.W.G. 

The  above  thicknesses  shall  be  increased  for  maximum  allowable  working  pressures  higher 
than  165  lb.  per  sq.  in.  as  follows: 

Over  165  lb.  but  not  exceeding  235  lb 1  gauge 

Over  235  lb.  but  not  exceeding  2S5  lb 2  gatiges 

Over  285  lb.  but  not  exceeding  400  lb 3  gauges 

Tubes  over  4-in.  diameter  shall  not  be  used  for  maximum  allowable  working  pressures 
above  285  lb.  per  sq.  in. 

22  Tubes  for  Pire^  Tube  Boilers..  The  minimum  thicknesses  of  tubes  used  in  fire  tube 
boilers  measured  by  Birmingham  wire  gauge,  for  maximum  allocable  working  pressures  not 
exceeding  175  lb.  per  sq.  in.,  shall  be  as  follows: 

Diameters  less  than  2>^  in No.  13  B.W.G. 

Diameter  2^  in.  or  over,  but  less  than  3J^  in No.  12  B.W.G. 

Diameter  3^  in.  or  over,  but  less  than  4  in No.  11  B.W.G. 

Diameter  4      in.  or  over,  but  less  than  5  in No.  10  B.W.G. 

Diameter  6     in No.    9  B.W.G. 

For  higher  maximtun  allowable  working  pressures  than  given  above  the  thicknesses  shaU 
be  increased  one  gauge. 

164  Process,  a  Lapwelded  tubes  shall  be  made  of  oi)en-bearth  steel  or  knobbled  ham- 
mered charcoal  iron. 

b    Seamless  tubes  shall  be  made  of  open-hearth  steel. 

169  Hydrostatic  Tests.  Tubes  under  5  in.  in  diameter  shall  stand  an  internal  hydrostatic 
pressure  of  1,000  lb.  per  sq.  in.  and  tubes  5  in.  in  diameter  or  over,  an  interna!  hydrostatic 
pressure  of  800  lb.  per  sq.  in.  Lapwelded  tubes  shall  be  struck  near  both  ends,  while  under 
pressure,  with  a  two-pound  hand  hammer  or  the  equivalent. 

U.S.  Marine  Rules. — Tubes. 

11-15  Lapwelded  and  seamless  tubes,  used  in  boilers  whose  construction  was  commenced 
after  June  30,  1910,  having  a  thickness  of  material  according  to  their  respective  diameters, 
shall  be  allowed  a  working  pressure  as  prescribed  in  the  following  table,  provided  they  are 
deemed  safe  by  the  inspectors.    Any  length  of  tube  is  allowable. 


Outside 

Thickess 

Maximum 

Outside 

Thickness 

Maximum 

diameter. 

of  Material 

pressure 
allowed 

diameter. 

of  material. 

pressure 
allowed. 

Inches. 

Inch. 

Pounds. 

Inches. 

Inch. 

Pounds. 

^ 

2 

.095 

427 

3H 

.120 

308 

2H 

.095 

380 

3^4 

.120 

282 

2H 

.109 

392 

4 

.134 

303 

2H 

.109 

356 

^H 

.134 

238 

3 

.109 

327 

5 

.148 

235 

3M 

.120 

332 

6 

.165 
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Another  difference  between  boiler  tubes  and  wrought  pipe 
consists  in  the  fact  that  the  outside  of  boiler  tubes  is  smooth  and 
even,  while  wrought  pipe  isleft  comparatively  rough  and  uneven. 

Boiler  tubes  were  formerly  most  commonly  made  <rf  charcoal  iron  and  lap 
welded,  but  the  present  tendency  is  to  use  seamless  and  lap  welded  steel 
tubes.   In  the  formation  trf  the  lap  o£  a  lap  welded  tube,  the  plate  is  upset, 


Plc.3,BT6.— «o11ertube«ipander.    «ccm»ilt»  o/a  set  of  rolls  placed  in  e  cage  and  iocootsct 
nith  a  centra]  tapered  pin.    In  operation  tberoUi  ^re  faced  Bgaiiut  the  inside  o£  the  tube 

gradually  expand  the  tube  against  the  tube  sheet, 

then  bent  around  until  the  thickened  edges  lap  sufficiently.  It  is  then 
heated  progressively  about  8  inches  at  a  time,  and  welded  over  a  mandrel, 
consisting  of  a  cast  iron  arm,  with  a  slightly  convex  top  over  which  the 
tube  is  placed. 

Seamleaa  tubeg  are  manufactured  from  solid  billets  by  passing  the 
tillet  heated  white  hot  through  a  piercing  mill.  The  billet  is  forced  over  a 
stationary  piercing  point  of  malleable  iron  by  the  forwarding  and  revolving 
action  of  heavy  rotary  discs,  enormous  power  being  applied  to  displace  the 
metal  from  the  center  of  the  hot  billet. 

Holding  Power  of  Boiler  Tubes, — Experiments  by  Yarrow  &  Co.,  on 
steel  tubes  2  to  2}^  inches  in  diameter,  expanded  into  tube  sheets  gave 
varying  results,  rangingfrom  7,900  to  41,715  pounds,  the  majority  ranging 


s^ment  tube  expande 

. ,..,j:_  place  __  _ 

Epanded  ti 


■he  swments  are  held  in  place  by 


into  which  the  steel  taper  pin  fits.  In  operation  the  seeisents  are  forced  apart  in  expanding 
the  tube  by  hammerina  on  the  steel  pin.  This  type  of  expander  requires  earefnl  handliiig 
in  order  not  to  injure  the  tube.    The  hanuneruiff  aoauld  be  dona  gradually  and  the  oxpondar 
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from  20,000  to  30,000  pounds.  In  15  experiments  on  4  and  5-inch  tubes  the 
strain  ranged  from  20,720  to  68,040  pounds.  Beading  the  tube  does  not 
necessarily  give  increased  resistance,  as  some  of  the  lower  figures  were 
obtained  with  beaded  tubes. 

Ques.  How  are  boiler  tubes  fastened  to  the  heads  or 
tube  sheets? 

Ans.  By  expanding  the  metal  of  the  tube  against  the  tube 
plate  with  a  tube  expander  and  then  beading  over  the  ends  with 
a  beading  tool. 

Figs.  3,976  and  3,077  show  two  forms  of  tube  expanders  in  general  use, 
and  ng.  3,978  a  beadmg  tool. 


U.8.  Marine  Rulee, — Tubes, ^-Continued 

LAP  WELDED  BOILER  TUBE  UP  TO  AND  INCLUDING  4  INS.  IN  DIAMETER. 

All  lap  welded  tubes  shall  be  made  of  charcoal  iron  or  mild  steel  made  by  any  process. 

Each  tube  shall  stand  an  internal  hydrostatic  pressure  of  1 ,000  pounds  per  sguare  inch 
and  shall  be  struck  near  both  ends  while  under  pressure  with  a  2-potmd  hammer  or  its  equiva* 
ent  without  showing  signs  of  weakness  or  defects. 

All  steel  tubes,  except  those  made  of  open-hearth  steel,  shall  have  the  ends  properly  an* 
nealed  by  the  manufacturer  before  shipment. 

All  steel  tubes  shall  stand  expanding  flanging  over  on  the  tube  plate,  and  beading  with- 
out flaws  cracks,  or  opening  at  the  weld. 

All  lap  welded  boiler  tubes  over  4  inches  in  diameter,  up  to  and  including  30  inches  in 
diameter,  shall  be  made  of  wrought  iron  or  mild  steel  made  by  any  process. 

LAP  WELDED  BOILER  TUBES  OVER  4  INCHES  UP  TO  AND  INCLUDING 

30  INCHES  IN  DIAMETER. 

Each  tube  shall  stand  an  internal  hydrostatic  pressure  of  800  pounds  per  square  inch  and 
shall  be  struck  near  both  ends  while  under  pressure  with  a  2-i>ound  hammer  or  its  equivalent 
without  showing  signs  of  weakness  or  defects. 

All  steel  tubes  except  those  made  of  open-hearth  steel  shall  have  ends  i>roperly  annealed 
by  the  mantxfacturer  before  shipment. 

SEAMLESS  STEEL  BOILER  TUBES. 

All  steel  tubes  shall  stand  drilling,  riveting,  and  culking  and  work  necessary  to  install 
them  into  the  tube  head  without  showing  any  weakness  or  defects. 

No  tube  increased  in  thickness  by  welding  one  tube  inside  of  another  shall  be  allowed  for 
use,  but  the  ends  of  boiler  tubes  may  be  welded  on  for  the  purpose  of  maldng  repairs  or  new 
tubes  may  be  welded  for  the  purpose  of  making  seamless  steel  boiler  tubes  them  longer. 

All  seamless  steel  boiler  tubes  shall  be  made  of  open  hearth  steel. 

Each  tube  shall  be  subjected  to  an  internal  hydrostatic  pressure  of  1,000  pounds  per 
square  inch  without  showing  signs  of  weakness  or  defects. 

All  tubes  shall  stand  expanding,  flanging  over  on  the  tube  plate,  and  beading  without 
flaw  or  crack. 
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Fire  Doors. — In  the  case  of  vertical  boilers,  it  is  necessary  to 
provide  an  opening  through  both  furnace  and  outer  shell  for 
firing.  The  constructions  of  this  opening  are  shown  in  figs. 
3,979  to  3,982. 

The  simplest  is  the  use  of  the  ring  indicated  in  fig.  3,979, 
and  perhaps  the  most  common  is  that  indicated  in  fig.  3,982. 
In  all  cases  the  plates  are  riveted  together  or  against  the  ring 
and  caulked  to  give  a  tight  joint. 

Figs,  3,983  to  3,985  show  special  construction  of  fire  door 
openings. 


and  should  be  sufBdently  large  to  permit  of 


Docn^are  made  of 


12. — Vsiioui  fire-doo(  openiiigi  for  vertical 


NOTE.— ^«Kerii(n#.— Thi»  is  a  method  of  treating  metal  n 
B  heat«d  bloom  to  the  action  of  rolls  having  regularly  shaped  pi 
rfaces,  then  to  the  action  of  nnooth  faced  rolls,  and  repeating  t 
rface  of  the  meUl  is  worked  co  aa  to  produce  a  uniformly  dense 
DAt  corrosion,  specially  ia  the  form  ol  pitting.    Boiler  tubes  are 
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Pio.  8,98S  to  S.OSS. — Sp«cuil  coDBtructioni  of  firaMloor 


Pigs.  3.9Ba  and  3.990.— BaUnesd  Gre  doof  tt  used  on  the  itBiUdg  txnkr. 
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the  convenient  handling  of  shovel,  slice  bar  and  hoe  to  the  back  of  the  fire. 
The  opening  is  usually  at  least  12  inches  high  by  10  inches  wide  and  runs 
from  this  to  16  X20.  For  wide  grates  two  small  doors  are  preferable  to  one 
large  one. 

The  door  proper  is  protected  on  the  inside  by  a  lining  plate  of  cast  iron 
which  should  be  perforated  so  that  air  entering  the  damper  of  the  door.  wiU 
be  divided  into  fine  streams.  These  plates  must  be  made  renewable,  as 
they  are  likely  to  be  warpt  and  cracked  by  the  heat. 

Two  forms  of  fire  doors  are  shown  in  figs.  3,986  to  3,990,  one  in  particular 
showing  the  balanced  doors  used  by  the  Stirling  Boiler  Co.,  which  is  opened 
and  closed  up  by  a  push  on  the  counterweight  which  is  outside  the  boiler. 
In  some  plants  the  doors  are  covered  with  an  asbestos  coating  on  the  out- 
side and  m  others  are  given  a  coat  of  white  paint  to  lessen  the  radiation  and 
discomfort  to  the  fireman. 


WATER  TUBE  BOILER 
CONSTRUCTION 

Steam  Drums,— The  great  variety  of  ways  in  which  the  water 
tube  principle  can  be  applied  in  the  design  of  a  water  tube  boiler 
gives  rise  to  a  multiplicity  of  drum  types.  These  may  be  classi- 
fied: 

1.  With  respect  to  position,  as 

a.  Longitudinal. 

b.  Transverse. 

2.  With  respect  to  function  as 

a.  Steam. 

b.  Water. 

c.  Mud. 

3.  With  respect  to  mechanical  arrangement  as 

a.  Tapped. 

b.  Header. 

c.  Manifold. 
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4.  With  respect  to  circulation  as 


Most  boilers  have  longitudinal  drums,  because  this  gives  a 

longer  drum,  thus  obtaining  greater  liberating  surface. 

Transverse  drums  are  used  on  some  marine  boilers  and  others 
where  there  is  little  head  room,  necessitating  a  low  boiler. 


Pic.  3.mi. — Ladd  tnuisvene  Bteam  drum  with  holes  for  eipanded  tubes.    In  coFatructlan 

the  dnima  are  of  ooe  or  two  shHts  without  circumfenntial  sheet  seams.  The  longitudiiut 
HBEDS  mis  above  the  loof  tile,  the  bead  seams  being  protected  by  the  side  walla.  'Hie  man- 
hole coven  ue  of  the  uit-iwinsiag  type,  and  a.11  flanges  and  comuctioos  are  oE  wrought  metal. 

On  boilers  of  small  and  medium  size  there  is  usually  only  one 
drum  for  the  steam  and  water  (called  the  sleam  drum) ,  the  water 
line  coming  about  the  center  of  the  drum,  separate  drums  for 
water  and  steam  represent  additional  complication  which  is  not 
necessary. 

On  very  lai^e  boilers  there  may  be  several  drums.  In  fact, 
tiie  water  tube  principle  lends  itself  to  a  very  flexible  construc- 
tion, that  is,  boilers  may  be  designed  for  practically  any  capa- 
city, and  also  to  fit  almost  any  shaped  volume, 
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3.Bin.— Bibcock  aiul  Wilcoi  marine  Iruunne  drum  witb  bold  bond  iftt  ttibn  tcwliof 
the  upfloir  and  dnwD  So*  heiulcn.  Tb«s«tK«piUKl«liiaM>i«tube*  u  ■<-'"f""'—J 
m  tUfptd  or  tcnuml  ivnlt  m  uied  ■■>  ptpm  boilai . 


TtO.  8.fiB3. — Gdg«  Moor  lonaitudinil  header  dnun  caant 
■howina  p*ft  M  header  and  airaDgeincnt  ot  ilayB. 
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Tapped  Drums. — ^Pig.  3,992  shows  a  typical  drum  of  this  type  which  is 
tapped  on  each  side  along  its  length  for  connection  with  the  pipe  section 
ends.  Where  tubes  are  used  instead  of  pipes  they  are  expanded  into  the 
drum  instead  of  connected  by  threaded  jomts. 

Header  Drums* — On  boilers  in  which  the  tubes  are  eacpanded  into  head- 
ers, the  drums  instead  of  having  rows  of  holes  for  the  upnows,  have  a  large 
opening  at  each  end^  each  connecting  with  a  leader.  In  some  designs  the 
entire  drum  end  is  riveted  to  the  header  as  shown  in  fig.  3»993.  The  first 
mentioned  construction  is  shown  in  fig.  3,994,  in  which  only  part  of  the 
drum  end  is  on  communication  with  uie  header. 


Fig.  3,994. — Union  Iron  Works  longitudinal  header  drum  end  showing  connection  with  header 
and  method  of  feed  water  delivery.  The  lettered  porta  are:  A,  front  diaphragm;  B,  rear 
diaphra»n;  C,  feed  water  pipe;  D,  sediment  blow  off;  E,  water  level;  F,  corrugated  connec- 
tion. The  feed  water  is  brought  in  at  the  front  end  of  the  drum,  carried  tlurough  to  the 
rear  of  the  dnmi  in  an  internal  feed  pipe  which  liberates  the  water  into  the  purifying  chamber. 
The  water  when  liberated  is  at  the  trailing  point  and  precipitation  of  the  solids  and  other 
impurities  takes  place  readily.  These  deposits  settle  in  the  bottom  of  the  chamber  and  are 
blown  off  by  blow  off  pipe  D.  Baffles  A  and  B  show  the  method  of  isolating  f>uriiier  and 
conducting  water  from  same  down  the  rear  header  connection  without  obstructing  the  cir- 
culation from  the  front  to  the  rear  of  the  drum.  Special  provision  can  be  made  to  prevent 
deposits  in  the  feed  pipe,  where  water  is  highly  saturated  with  lime,  magnesia  or  other  soUd 
xnatter. 
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Manifold  Drum*. — These,  instead  of  being  conoected  to  a  header  at 
each  end,  are  provided  with  cross  boxes  which  have  a  number  of  t^>ped 
holes  for  connection  to  manifolds  or  small  headers.  Figs.  3,995  and  3,996 
show  one  of  the  cross  boxes,  the  drum  construction  in  other  respects  being 

amilar  to  the  header  drum  previously  described. 

Over  and  Under  DUcharge  Dritmt. — Accordine  to  the  reqmrements 
of  the  service  for  which  a  boiler  is  designed,  the  upflow  tubes  may  be  ar- 
ranged to  discharge  into  the  drum  either  bd<nv  or  above  the  water  level. 
The  first  typeis  sometimes  called  drinti:«(ii«fe,  because  the  tubes  are  always 
covered  with  water.  Fig.  3,997  shows  this  type  as  built  for  marine  service, 
and  fig.  3,998,  an  over  discharge  or  dry  tube  in  which  all  the  upflow  tubes 


Fbs.  3.1 


Hnd  the  numerouB  manifoldB  nr  unsll  KCtiuul  headsi.    The  bi 
If  forged  st«l. 


drums  as  classified.    In  the  "parallel  series"  arrangement  of  the  tubes  io 
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where  the  tubes  are  divided  up  into  groups  as  in  "sectional" 
water  tube  boilers,  in  place  of  one  large  header  at  each  end, 
there  are  a  number  of  small  headers  or  inanifolds. 


shape  betveen  multipL:  dies;  t^.  4.013, 
edges  and  autooiAtically  spacea  and  drllli 


HgE.  4,004  to  4,010  show  the  parts  of  an  Edge  Moor  header,  and  lig. 
4,022  a  portion  of  the  header  assembled.  Figs.  4,014  to  4,021  show  typical 
manifold  sectional  header  o — ' — '" 
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4,015,  wrought  steel  vertical  header;  figs.  4.,     .  _    .  .  ._ 

fiaa-  4.0LS  Hnd  4,010  cast  iron  header.     For  pressures  up  to  160  pounds,  chdl  ik^u  msucif 

end  in  the  hfadeis  ia  placed  a  hand  hole  of  suflicjent  size  to  pernijt  the  cleaning,  removal  or 

back  from  the  edge  a  sufRdent  distance  to  izibIb 
a  seat.    The  oiieninas  are  clr— '  ■—  -—-'-  ="---  ' '  -■--- 

thin  gasket.     In  the  wrougl.. __   .._ ., ^_ 

caps,  milled  and  ground  true,  held  in  position  by  forged  steel  safety  clamps  and  secured  by 
ball  headed  bolta  to  assure  correct  aliffnment.  With  this  style  of  fitting,  joints  arc  nam 
tight,metal  to  me  tal,  without  packing  of  any  kind.    Where  elliptical  handnoles  are  fumiahed 

and  secured  by  forged  steel  bindcia  and  outs.  The  joints  between  plates  and  manifolds  are 
made  with  a  thin  gasket.  The  vertical  cast  iron  manifolds  have  elliptical  hand  holes  with 
raised  seals  milled  to  a  true  plane.  These  are  closed  on  the  outside  by  cast  iron  caps  nnied 
true,  h^ld  in  position  by  lorged  steel  safety  clamps,  which  close  the  openitifa  from  the  inatdo 
and  whicb  are  secured  by  ball  headed  bolts  to  assure  proper  alignment.  All  joints  are  made 
tight,  metal  to  metal,  vothouC  packing  of  any  kind. 
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^XniJMsfil 


ig  for  wTOugbt  steel  inettnad  manifM 


Pig.  4.022.— Portion  of  Edge  Mo 

dlipticaJ  hand  holes  make  it  pos „  , ^ „ 

of  from  one  hole  to  another.  The  coven  bear  a^inst  the  inside  of  the  header  plate.  No 
■pecial  make  of  gasket  is  required.  The  edges  oC  the  liand  bole  plate  are  flanged  inward, 
the  upturned  edges  being  faced  in  a  special  machine. 
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Feed  Water  Heaters. — One  of  the  component  parts  of  some 
types  of  water  tube  boilers,  especially  those  intended  for  marine 
service,  is  a  feed  water  heater  placed  within  the  casing,  compris- 
ing about  20  to  30  per  cent,  of  the  total  heating  surface. 

The  feed  water  after  passing  through  the  heater  and  its  temperature  raised 
totheboilingpoint.enterstheboilerproper.  Fig.3,686page  (2,075)  shows 
one  section  or  so-called  "feed  coils"  of  a  typical  heater  as  iised  on  the  Roberts 
boiler.  Inassemblin^,  one  of  these  coils  is  placed  on  each  eideof  the  drum 
above  the  main  heatmg  surface,  and  the  two  connected  in  series  parallel, 
to  feed  line  and  drum  as  shown  on  page  2,075. 


;s.  4.023  to  4.028. — Union  Iron  Worki  component  porta  of  band  hole  pUte  complete  with 
nth  rnit  Bnd  ytJcE  for  caise.  These  plates  are  made  of  steel,  fit  on  the  inude  (or  pressure 
ide)  of  header  plate  and  withdi&w  through  the  bole  they  cover.  The  bolt  ia  sncurely 
iveted  to  the  plate  in  a  hydraulic  riveter  and  the  yoke  is  of^uoklue  conitniction,  permitting 
ta  quiclc  removal  Ijy  siiripl/  looaenina  the  nut  a  few  turns,  leaving  the  nut  on  the  atifd.  thus 


Superheaters. — Nearly  all  water  tube  boilers  are  provided 
with  superheaters,  the  great  saving  due  to  superheating  now  being 
fully  recognized.  Steam,  when  first  fonned  as  in  a  boiler  is  known 
as  saturated  steam,  the  temperature  of  which  depends  on  the 
pressure .  To  add  more  heat  to  a  boiler  in  which  water  is  present 
would  merely  result  in  the  production  of  more  saturated  steam 
with  increase  of  pressure,    A  superheater  serves  to  separate  the 
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steam  from  the  presence  of  the  water  and  expose  it  to  the  heat 
of  furnace  gases,  which  results  in  superheat. 

The  amount  of  heat  which  may  be  added  to  steam  in  a  super- 
heater is  independent  of  the  pressure  and  is  limited  only  by  the 
ability  of  the  metal  to  withstand  the  high  temperature. 

This  amount  reaches   the  practical   linut  with  ordinary  materialE  of 


Pig.  iflit. — Foster  superheatei  as 


it.S.M.E.  Boiler  COda.—Suptrlualers. 

252  Th«  ends  o(  tubes,  auspenaon  tubes  and  nipples  shall  [inject  througb  the  headen 
not  lesithan  H  in.,  nor  more  thin  H  inch  before  ilanng. 

28S  Every  superheater  shall  have  one  or  more  safety  valves  near  the  outlet.  The  dis- 
charee  capacity  of  the  safety  valve  or  valves  on  an  attached  superheater  may  be  included  in 
deteimining  the  number  and  sizes  of  the  safety  valves  for  the  boiler,  provided  there  are  no  in- 
tervenins  valves  between  the  superheater  safely  valve  and  the  boiler. 

280  Every  safety  valve  used  on  a  superheater,  discharging  superheated  steam,  shall  have 
■  steel  body  with  a  flanged  inlet  connection  and  shall  have  the  seat  and  disc  of  nidiel  composi- 
tion or  equivalent  material ,  and  the  spriuR  fully  exposed  outside  of  the  valve  CBsioa  so  that  it 
»hall  be  protected  from  contact  with  tbe  escaping  steam, 

306    Each  superheater  shall  be  titled  with  a  dnin. 
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construction  at,  approximately,  1,000°  Fahrenheit  as  a  final  temperature, 
which  represents,  as  superheat,  the  difference  between  the  temperature  of 
saturated  steam  at  the  pressure  under  consideration,  and  1,000°. 
Fig.  4,027  show  an  approved  form  of  superheater  extensively  used  in  both 
water  tube  and  fire  tube  boilers. 

'Location  of  Superheater. — -A  much  used  location  for  a  superheater 
is  inside  the  boiler  setting  at  a  point  in  a  water  tube  boiler  between  the  tubes 
and  the  shell.  With  the  arrangement  the  steam  is  passed  from  the  boiler, 
through  the  superheater  into  the  steam  main  to  the  engines. 


-Constructioa  detail  o{  Fats'  Eupeiheater  element,  /n  a 
'lemcnt!;.  ss  shown,  an  joined  it  taraOd  to  manifolda  t 
ist  iron  annular  gills  or  flanges,  placed  cloae  to  each  other. 
:  of  the  tube  so  as  to  be  practically  integral  therewith,  thus 


, =— — ,     -: ,-.—  annular  gilla  are  careful! 

lly  as  a  unit.  As  the  cocfScicnC  of  eipansion  of  steel  is  a  trifle  greater  tbui  that  c 
I.  the  ringa  grip  the  tubes  even  tighter  when  the  temperature  ia  increased  slb  is  th 
^n  the  auperheaitr  is  in  service.  The  mass  ot  metal  in  the  tubes  and  covering  ads  a 
□ir  for  heat.  Inside  the  elements  are  placed  dosid  tubes  of  amaller  diameter,  cen 
ipporled  on  knobs  to  foim  a  thin  annular  passase  for  steam  betneen  tbe  inner  am 
bes,  thus  dividing  the  steam  flow  into  three  aoniJar  streams.  The  joints  at  the  end 
emenls  are  made  by  expanding  the  steel  tubes  into  wraught  steel  headen. 


L  which  to  place  the  superheating  de- 
sub^ect  of  a  great  deal  of  eiperiment, 


ht  this  location  i. 

saving  and  that  the  sufjerheatia 


ig  and  that  the  superheatioE 
t  in  a  properly  designed  and 
1:  for  tlie  reason  that  with  a 


release  of  thi 
peiature  not  mucn  eiceeamg  ouf 'r. ,  wnicn  temperature  is  necessary  to  man 
nney  draught  sufficiently  strong  to  bum  a  common  gr^e  of  bituminous 

.erheaterinthi 

^ r 1  i___-  J .j^  upon  the  difference  o£  teraperaturea.      tnka  uuicran; 

.he  steam  would  be  only  lOO'F..  to  200°F.,  while  in 
WF.  to  iOCF.,  so  that  the  saving  due  to  an  econoni 
ould  poSBibly  result  from  the  use  u  the  SuperheatCT- 


nsta  super  ea    rn,    e    uea         .       ?  _^ ,__.,;__   ,,. ■- -'-■-h  thefeedm 
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Ques.  What  must  be  done  in  startii^  up  a  cold  boiler 
with  a  superheater  located  as  just  described  P- 

Ans ,  The  superheater  being  exposed  to  a  very  high  tempera- 
ture, must  be  flooded  with  water  until  the  boiler  is  generating 
steam  freely. 

Ques.    What  iU  efiect  results  from  this  floodii^? 


Ans.     It  causes  a  deposit  of  scale  at  a  location  where,  in  some 
types  of  superheater  it  is  impossible  to  remove. 

The  flooding  and  draining  of  a  superheater  is  in  no  sense  a  difficult 
operation,  but  still  it  is  one  more  operation  to  be  performed  when  cuttuig 
a  boiler  into  and  out  of  service  and  is  best  avoided  if  possible. 

Another  plan  of  locating  the  superheater  is  to  place  it  higher 
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up,  but  still  ■within  the  boiler  setting  and  entirely  separated  from 

the  main  gas  passages. 

A  small  quantity  of  hot  gas  is  conducted  from  the  furnace  or  combustion 
chamber  through  a  small  duct  in  the  walls,  to  the  superheater  chamber 
nrhere  it  is  brought  into  intimate  contact  with  the  superheating  ^rfaces 
after  discharging  in.to  the  main  jiassage. 


Fic.  4,0^. — Heme  supefliesler  setting.  A  small  Sue  in  the  side  walls  pss3«  some  of  tfae  liot 
SBses  direct  from  furnace  to  superheater  chamber,  where  they  make  two  passes  aromid  the 
BupMheater  tubes.  The  flaw  of  these  gases  is  controlled  by  meajia  of  a  damper  Bt  the  outlet. 
When  dosed  the  circulation  is  slopped,  and  as  soon  as  the  heat  from  the  gases  is  absorbed, 
only  saturated  steam  will  be  delivered.  By  opening  the  damper  various  degrefs  the  flow 
of  gases  can  bo  regulated  so  as  to  give  any  desired  degree  of  superheat  up  to  the  capacity 
of  the  apparatus.    Since  the  hot  gases  do  not  come  into  contact  with  the  damper  until 

.«_  .^.„^„  .1 1.  .1.-  superheater,  there  is  no  dannec  of  overheating  it.    In  tte  Heins 

[ic"  page  30,  cross-sectional  views  on  lines  AA  and  BB  are  shown, 
lil  the  superheater  chamber  and  passage  leading  thereto. 

By  manipulating  a  damper  the  flow  of  gas  is  controlled  to  suit  the  degree 
of  superheat  desired,  and  by  using  thermostatic  control  a  nearer  uniform 
superheating  effect  may  be  obtained  than  in  any  other  way  except  possibly 
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with  the  separately  fired  plan.    The  steam  connection  may  or  may  not  be 
arranged  to  by  pass  the  superheater. 

Still  another  practice,  and  one  for  which  there  are  many  argu- 
ments, is  to  place  the  superheater  outside  the  boiler  entirely  and 
over  a  separately  fired  furnace,  passing  either  the  whole  or  only 
a  portion  of  the  steam  through  it. 

In  a  large  installation  where  the  superheater  would  be  of  sufficient  size 
to  warrant  separate  attention,  the  independently  j&red  superheater  will  give 
good  economy,  but  in  a  plant  consistmg  of  only  one  or  two  boilers,  the 
superheater  would  necessarily  be  quite  small  and  might  require  more  care 
than  would  be  justified  for  its  operation,  as  it  would  be  necessary  to  watch 
it  very  closely. 

Either  gas  or  oil  should  be  used  for  fuel  since  they  may  be  quickly  and 
accuratel]^  controlled.  Unless  so  handled  it  is  quite  uncertain  whether  the 
total  efficiency  of  the  steam  plant  would  be  increased  at  all  and  if  such  a 
superheater  were  placed  where  it  would  receive  only  average  attention,  it 
is  probable  that  its  use  would  be  unsatisfactory. 

Ques.  What  are  the  main  requisites  for  a  satisfactory 
superheater? 

Ans.  1.  proper  location;  2,  accessibility  for  cleaning  and 
repairs;  3,  safety,  and  4,  durability. 
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Absolute,  temperature^  6ei»,  1,764. 
value,  1,766. 
eero,  determming,  ills.,  1,765. 
AbeoTption  of  heat,  1,776. 

rate,  1.776. 
Aoetylenef  heating  valve,  1.852. 
Add,  nitnc,  fuel  analsrsis,  1,913. 
Air,  absolute  zero,  ills.,  1,765. 

cornbustiottt  amount  required,  1,857. 
necessary  amount,  theoretical,  cal- 
culation, table,  1,861. 
composition,  1,845. 
constittients,  1,845. 
corresponding  volume   oxygen,   finding 

volume,  1,936. 
dried  peet,  analysis,  1,834. 
excess,  and  COs,  table,  1,953. 
effects,  1,879. 

on  combustion,  1.856. 
flue  gas,  analysis,  cooling  effects, 
toble,  1,921. 
furnace,    steam   boiler  materials,   ills., 

1.987. 
heating,  effects,  1,856. 
nitrogen  effects,  1,856. 
oxygen,  from,  1,845. 
perfect    combustion,    actual    amount, 

1.859. 
per    pound    fuel,    theoretical    amotmt, 

computing,  1,859. 
required  for,  combustion  at  32^  and  29.92 
ins.,  table,  1,865. 
combustion,   determination,    1,864. 
various  fuels,  1,858. 
'^PPh*  fuel  gases,  non-mixing,  effects, 
1.878. 
pre-heating  effects,  1.883. 
volumetric  analysis,  1.845. 
weight  analysis,  1,845. 
Alloy,    cast   iron,   steam   boiler   materials, 
def.,  1,993. 
steels,  steam  boiler  materials,  def.,  1.993. 
Almy  series  parallel  pipe  boiler,  ills.,  2.095, 

2.115. 
Alumintmi    steel,  steam  boiler  material,  use, 
2.004. 


American  coals,  classification,  1,829. 
Analysis  of,  air,  1,845. 
air  dried  peet,  1,834. 
candle  flame,  diag.,  1,846. 
coke,  1,833. 
flue  gas,  1,919-1,938. 
fuel,  1,887>1.918. 
Uquid,  1.917. 
proximate,  see  Proximate  analysis, 
ultimate,  see  Ultimate  analysis. 
Analytical  balance,  Gaertner,  ills.,  1.893. 
weights,  Eimer  8c  Amend,  ills.,  1,894. 
Andrews    vertical    tubular    steam    heating 

boiler,  ills.,  2.136. 
Angle,  bar,  steam  boiler  construction,  ills., 
2,222. 
comer,  ills.,  2,217. 
stajrs,  steel,  2,214. 
Anthracite  coal,  des.,  1,825. 
semi-,  des.,  1,825. 
sizes,  1,831. 
ApiMtratus,    Bliot,    flue   gas   analysis,    ills., 
1.934. 
fuel  analsrsis,  1913. 
necessary  for  fuel  testing,  1,888. 
Orsat,  four  pipette,  ills.,  1,932. 
chemical  reagents  used,  1,931. 
flue  gas  analysis,  care  of,  1.929. 
Area,  gas  passage,  steam  boiler,  1.977. 
handhoU(s),  plate,  calc,  2.229. 

table,  2,228. 
head  to  be  stayed,  des.,  ills.,  2.198-2.201. 
man  hole,  table,  2,228. 
plate,  2,229. 
Ashes,  analysis,  1,823, 1,915. 

ccnnbustion,  constituents,  1,883, 1,886. 
def.,  1,884. 

determination,  fuel  analysis,  1,915. 
fuel  analysis.  1.892,  1.904. 

testing  for,  1,898. 
iron  oxide,  effects  of,  in,  1,886. 
A.  S,  M.  E„  method  of  determining  carbon, 
hydrogen   and    nitrogen,    fuel 
analysis,  1.902,  1,903. 
obtaining  average  flue  gas  sample, 

riveted  joints.  Boiler  Code,  2.176-2,188, 

2,191. 
testing  steam  boiler  material  code,  2,008. 
Asphalt,  des.,  1.839. 


II 
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Atmospheric  pressure  at  sea  level j  1,790. 
Automatic,   control,    steam   heating   boiler, 
2,152. 

flue  gas,  collector.  Hays,  1,924. 

testing  machine,  steam  boiler  material, 
Olsen,  ills.,  2.010. 
Automobile  boiler,  Ofeldt,  ills*,  2,088. 

Stanley,  ills.,  1,965. 

various,  ills.,  1,969. 
Auxiliary,  apparatus,  1,923. 


B 


Babcock  &  Wilcox,  cross  box  construction, 
ills.,  2,248. 
jnarine  transverse  drum,  boiler  construc- 
tion, ills.,  2,246. 
"sectional,   headers,   steam   boiler  cons., 
ills.,  2,254. 
horizontal  water  tube  boiler,  ills., 
2,080. 
Bacharach  pocket  COj  recorder,  1,937, 1,938. 
Back  rivet  pitch,  2,170,  2,171. 
Bagasse,  des.,  1,837. 

heating  value,  1,837. 
Balance,  analytical,  Gaertner,  ills.,  1,843. 
weights,  fuel  analysis,  analytical,  Eimer 
&  Amend,  ills.,  1,894. 
Bar,  crown,  steam  boiler  construction,  2,214. 
steam  boiler  construction,  angle,   ills., 
2,222. 
Barrel  calorimeter,  des.,  1,811,  1,812. 
Base,  steam  heating  boiler.  International,  ills., 
2,144,  2,145. 
>  square.  National,  parts,  ills.,  2,132. 
Badenhausen  .water  tube  boiler,  ills.,  2,033. 
Bell  mortar,  fuel  analysis,  ills.,  1,904. 
Bending;  cold,  testing  steam  boiler  materials, 
.   diag.,  2,019. 
stress,  def.,  2.006. 
Bent  tube (s)  water  tube  boiler,  objection, 
2.089. 
Seabury,  ills.,  2,083. 
Stirling,  ills.,  2,084. 
-various  forms,  ills.,  2,082. 
Benzole,  heating  value,  1,852. 
Berry  vertical  fire  tube  boiler,' ills.,  2,108. 
Bessemer,  converter,  ills.,  1,991. 

gas,  steam  heating  boiler,  ills.,  2,133. 
pig  iron,  def.,    1,993. 
process,  steel  production,  1,991-1,993. 
Bigelow-Homsby    multi-drum    water    tube 

boiler,  ills.,  2,093. 
Bigelow  upright  shell  boiler,  ills.,  2,041. 
Bituminous,  def.,  1,825. 

coal,  combustion  chamber,  proportions, 

1,879. 
des.,  1,826. 
size,  des.,  1,826. 
semi-,  eastern  states,  1,831. 
western  states,  1,831. 
Block  coal,  des.,  1,827. 

particles  in  smoke,  1,875. 


Block  eoailf-^ontifiued 

smok^,  indication,  1,877. 
Blakeley  water  tube  boiler,  ills.,  2,057. 
Blast  tank,  laboratory^  Clayton  &  Lambert, 

ills.,  1.900. 
Blow  pipe,  combustion,  ills.*  1,860. 
operation,  1,860. 
parts,  1,860. 

using,  instructions,  1,860. 
Boiler  (s),  apparatus,  auxiliary,  1,980. 
automobile,  Stanley,  ills.,  1,965. 

various,  ills.,  1,969. 
baffled,  draught,  ill3.,  2,067. 
bolts,  2,202. 
braces,  2,202. 
breeches  fiue{s),  2,037. 
galloway,  ills.,  2.038. 
Lancashire,  des.,  2,037. 
cast  steel,  carbon,  1,990. 
characteristics,  1,973-1984. 
air  space  ratio,  1 ,977. 
circulation,  1,978. 
gas  passages,  1,977. 

grate  dimensions,  1,975. 
eat  transmission,  1,976. 
heating  surface,  1,973-1,977,  1,980. 
liberatmg  surface,  1,978,  1,979. 
position  of  boilers,  1,984. 
priming,  1,980. 
steam  space.  1,978,  1.979. 
various  kin<^«of  boilers,  1.981-1.984. 
water,  hsight^f,  ills.,  1,980. 
spac3,  anangement,  1,978. 
circulation  experiment,  ills.,  1.802. 
classification,  1,955-1,927. 
externally  fbed,  1,971. 
furnace  arrangements,  various,  flls., 

1.968. 
internally  fired,  1,971 
shell,  various,  ills.,  1,956. 
steam  generator,  diff.,  ills.,  1,971. 
vertical,  various,  ills.,  1.958. 
watar   tube,    various,    ills.,    1,960, 
1,962. 
Clyde,  ills.,  2.057. 

Code,  A.S,M.E,,  braced  and  stayed  sur- 
faces, 2,201. 
coil.   Monitor,  ills.,  2,144. 
combined  shell  and  water  tube«   ills., 

2.124-2.126. 
Cornish,  des.,  2,033. 
dimensions,  2.035. 
Lancashire,  diff.,  1,970. 
per  cent,  used,  2,112. 
crown  sheet,  Reynolds,  ills.,  2,106. 
coverings,  2,006. 
difference  between  generator  and  boiler, 

1,971,  1,972. 
direct  draught,  ills.,  2,067. 
dome,  ills.,  2,232. 
double  tube,  1,967. 
down  draught,  ills.,  2,070,  2,119,  2,124, 

2.126. 
draught,  ills.,  2,067,  2,070. 
drop  tube.  Field,  ills.,  2,045. 
single,  ills.,  1,958. 


INDEX  OFGVIDE  No.  5 


III 


Boiler(s) , — Continued 
duty,  1,973. 

elementary,    parallel    connection,    ills., 
1,804. 
series  connection,  ills.,  1,804. 
elephant,,  per  cent  tised,  2,112. 
evaporation,  rates,  1,977. 
expansion  provision,  1,772. 
externally  fired,  1,971,  1,984. 

per  cent  tused,  2,112. 
Fairbain,  advantage  of,  2,119. 
FiOd  tube,  1,967. 
operation,  1,967. 
Ward,  ills.,  2,072. 
fire  box,  1 970. 
Sretubeis),  2.099-2,117. 

combined,  Fitzgibbons,  ills.»  2,107. 

shell,  ills.,  2124-2126. 
crown  sheet,  Reynolds,  ills.,  2106. 
duplex  and  triplex,  des.,  2,099. 
internal  fire  box^  vertical,  2,102. 
horizontal,  vertically  set,  2,101. 
radial,  vertical,  2,105. 
r«fiim,  Aortson/oZ,  duplex,  ills.,  2,100. 
triplex,  iUs.,  2.101. 
objedt,  2406. 

verticaL  Webber,  ills.,  2,107. 
single  flue,  ills.,  2,112. 
tri-pass,    extended    shell,    object, 

2,110. 
two-pass,  Casey^Hedges,  ills.,  2,110, 
vertical,  Berry»  ills.,  2.108. 
Reynolds,  ills.,  2,105. 
setting,  ills.,  2,102. 
VfOter  tube,  diff.,  1,965. 
Hawkes.  2,121. 
Silsby,  ms.,  2.125. 
Jlue  and  fire  tube,  Bumham,  ills.,  2,114. 
fine,  and  tubular,  1,964. 
disadvantage,  1,964. 
Galloway,  breeches  and  flues,  cons., 

•  2,035,  ills.,  2.038. 
tube,  diff.,  ills.,  1.963. 
Western  river  type,   Rees,    2.056. 
fuel  economy,  conditions,  2.031. 
fumaceis),  arrangements,  ills.,  1,968. 
classification,   1,955-1.959. 
internal,   external,    comparison, 

1,984. 
shape,  classification,  1,959. 
Galloway,  des.,  2,033. 
Graham, steam  heating  boiler,  ills. ,  2, 148. 

water  tube  boiler,  ills.,  2,077. 
Graham,  ills.,  2.077,  2.148. 
Gumey,  ills.,  2,060. 
-Gansaulus',  classification,  1,959. 
gas  passage,  area,  1.977. 
arrangement,  1.977. 
size,  1.977. 
generator  and  boiler,  diff.,  1,972. 
grate,  dimensions,  1,974. 
function,  1,974. 
surface,  2,113. 

various  proportions,    diag.,    1,976. 
headier),  hand  hole  plate,  ills.,  2,253. 
ills.,  2.250. 


Boiler  (s),  head(er), — Continued 

staying,  ills.,  2,201. 
hard  steel,  carbon,  percentage,  1,990. 
heat  absorbing,  class,  1,957. 
heating  surface,  classification,  1,955. 

essential  qualities,  1,973* 

extensiveness,  1,974. 

form,  1,974. 

tubular,  characteristic,  diag.,  1,964. 
heat  transmission,  measurement,  1,976. 
horizontal,  openings,  ills.,  2,237. 

shell,  steam  generation,  1,982. 

tube,  ills.,  1,958. 

vertical,    steam,    difference,    1,982» 
iUs.,  1.983. 
inbulators,  2,006. 
internally  fired,  1.971,  1,984. 

Fairbain,  2,119. 
iron,  use,  1,974. 
Lancashire,  ills.,  2,035. 

breeches,  fluid,  de..,  2,037. 

dimensions,  2.038. 

disadvantages,  2,037. 
liberating  surface,  1.978. 

classification,  1.957. 

insufficient,  results,,  1,979. 
locomotive,  2,045. 

class,  1,963. 

horse  power,  2,113. 

per  cent  used,  2,112. 
marine,  class,  1,963. 

Clyde  and  Scotch,  difference,  2,054» 

des.,  ills.,  2.047. 

hor&e  power,  2.113. 

leg,  ills.,  2.054. 

over  discharge,  Mosher,  ills.,  2,249.- 

position  of,  1,984. 

under     discharge.     Yarrow,     ills.*. 
2.249. 

vertical,  through  tube,  ills.,  2,048. 
mixed  types,  class.,  1,963. 
modem    high    pressure    Scotch,     ills.,. 

2,050. 
modified  Manning  const.,  ills.,  1,958. 
moisture,  amount,  1,819. 
multi-tube,  ills..  Manning,  1.958. 
non-sectional,  ills.,  2.067,  1.967,  2,067. 
one  furnace,  ills.,  2.052. 
openings,  classification,  2.225. 
pipe,  2,070,2,117. 

features,  2,073. 

use,  2,074. 

Taylor,  ills.,  2,116. 

use,  2.074. 
plate,  silicon,  effect,  2.005. 

marine  requirements,  2,156. 
Porcupine,  1,970. 

tubes  in,  1,972. 
position, -effect,  1,984» 
pressure,  classification,  1,9^. 
primary,  1,980. 
rapid     circulation,     desirability,     de3.» 

diag.,  1.978. 
return  tube,  features,  2,056. 
Scotch,  Clyde,  diff.,  1,970. 

features,  2,048. 
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BolU»r(s),  Scotch — Continued 
form,  2,064. 

modem  high  pressurCf  ills.,  2,050. 
sectional,  1.967. 

series  pipe,  iUs.,  2,077. 
used  in  various  countries,  2.112. 
service,  classification,  1,955. 
setting,  Lancashire,  ills.,  2,037. 

materials  used  in,  1»985. 
shell,  2,023. 

classes,  2,023. 

Clyde,    Marine    Iron   Works,   ills.* 

2.052. 

removable,  ills.,  2,051. 
Cornish,  ills.,  2.034. 

parts,  2,034. 
development,  2.02^. 
elephant,  ills.,  2.029. 
fine,  tube,  difference,  2,025. 

Galloway,    ills.,   2,036,    2.038, 

2.039. 

western  river  type,  Rees,  ills., 
2.066. 
horizontal  return  tubular,  ills.»  2.026. 

des.,  2.027. 
internally  fired,  2.033. 
Lancashire,  breecli^  flued,  defl.,2.037. 

des.,  2.035. 

dimensions*  2.038. 

disadvantages,  2,037. 

without  breeches,  ills.,  2,036. 
large,  disadvantage,  diag.,  1.981. 
locomotive,  2,045. 

differences,  2.046. 

wagon  top,  cons.,  2.046. 

semi-portable,  ills.,  2.046. 
marine,  de&.f  ills.,  2,047. 

locomotive    tyi)e,    Rees,    ills., 
2,055. 

Marine    Iron    Works,    special, 
ills.,  2,053. 

leg,  ills.,  2,054. 
plain  cylinder,  ills.,  2,027. 
return  tube,  features,  2.056« 
ScoUh,  features,  2.048. 

form,  2.054. 

modem    high    pressure,    ills., 
2.350. 

parts,  2.049. 

single  furnace,  ills.,  2  061. 
service  classification,  2,023. 
shape,  classification,  1,959. 
sheets,  des.,  2,025. 
single  return  flue,  ills.,  2,028. 
submerged  tube,  1,968.  2.043. 

Marine  Iron  Works,  ills.,  2.049. 
Trevithick,  dimensions,  2,034. 

ills.,  2.034. 
tube  flue,  diff.,  2,025. 
tubular,  thxeerpass,  adv..  2.031. 

horizontal  return,  ills.,  2,032. 

three-pass,  ills.,  2,031. 
upright,  Bigelow,  ills.,  2,041. 

dry  pipe,  Graham,  ills.,  2,044. 

evolution,  diag.,  2.040. 

submerged  tube,  ills.,  2.042. 


Boil«r(s),  upright,— Continued 

through  tube,  iUs.,  2.048. 
types.  2,041. 
various,  ius.,  1,956. 
wagon.  Watts',  ills.,  2,024. 
water,  level,  proper,  2.044. 

pockets,  Petrie^s,  ills..  2.039. 
water  tube,  2.121. 
Fox,  ills.,  2,122. 
Harrisbuig,  ills.,  2,123. 
sensitivene&s,  diag.,   1,982. 
use,  2,121. 

We&tem  river,  ills.,  2.030. 
single  tube,  1.967. 

soft  steel,  carbon,  pjurentage,  1,990. 
steam  formation,  11/99. 
steam  space,  1,978. 

Clyde,  modified,  2.109. 

type,  Murray,  ills.,  2.109. 
sii^le  flue,  ills.,  2,109. 
intemalfire  box,  vertically  extended, 

2,102. 
Kingsford,  iUs.,  2.113. 
Lyons,  combined,  adv.,  2,120. 
Smith-Manning,  de&.,  2,104. 
tube  feature,  class.,  1,957. 
steam  generator,  ills.,  1,971. 
steel,  carbon,  percentage,  1.990. 

rust,  effects,  1,990. 
superheater,  flooding,  object,  2,259. 
transfer  of  heat,  method,  1,973. 
Trevithick,  des.,  2,033. 
tubes,  see  Tubes. 

vertical,  steam  generating,   1,982. 
through  tube,  ills.,  1.958,  1.967. 
water,  1.790. 
water,  fire,  diff.,  2,023. 
tubular  return,  1,970. 
V,  S.  Marine  rules,  manholes,  hand 

holes,  2,232. 
vertical,  non-sectional,  ills.,  2,081. 
openings,  ills.,  2.237.  . 
per  cent  used,  2.112. 
various,  ills.,  1.950. 
submenged  tube,  ills.,  2.042. 
tluough  tubeSf  various,  ills.,  1,958. 
water,  circulating,  mclined  tube  method, 
ills.,  1,803. 
grate,  ills.,  2,061. 
height,  diag.,  1,980. 
pockets,  Petrie's,  ills.,  2.039. 
space,  arran^ment,  1,978. 
special,  classification,  2,099. 
water  tube,  2,117. 

advantages,  1,981. 
automobile,  Ofeldt,  ills.,  2,088. 
Badenhaiisen,  ills.,  2,086. 
bent,  objection,  2,089. 
Seabury,  ills.,  2,083. 
Stirling,  ills.,  2,084. 
Blakeley,  ms.,  2,067. 
circulation,     directed     flow,     iUs., 
2066. 

feature  classification,  2,059. 
ills.,  1.803. 
over  discharge,  ills.,  2,035. 
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BoU«r(s),  watmrtube,  circwdaHon, — Con, 

under  diachaige,  ills.,  2,065. 
closed,  2.089. 
combustion    feature    classification, 

2,060. 
combustion  principles,  ills.,  2,069. 
curved,  2.080. 
def.,  2.067. 
down  flow,  circulation,   ills.,  2,064. 

sectional,  Parker,  diag.,  2,096. 

single    ended,    Parker,    types, 
iUs.,  2.097. 
draught,  down,  ills.,  2.070. 
elementary,  des.,  2.061,  ills.*  2,062. 

operation,  2,062. 
field.  Ward,  ills.,  2.072. 
Graham,  ills.,  2.144. 
Gumey's,  ills.,  2.060. 
heating  surface  cla8sification»  2,058, 

2.059. 

James',  ills.,  2.061. 

load  effects,  2,057. 

multi-drum,  Bigelow-Honisby»  ills., 

2.093. 

Connelly,  ills.,  2,094. 
non-sectional,  advantages,  2,066. 

des.,  2.064. 

elementary,  longitudinal  drum, 
ills.,  2.061. 

horizontal,  Casein-Hedges,  ills., 
2.078. 

Keeler,  ills.,  2.078. 

water  tube, 

vertical,  Wicks,  ills.,  2.081. 
operation,  2.062. 

Parallel,  arrangement,  accessibility, 
2.067,  iUs.,  2,068. 

connection,  ills.,  2.059. 

sectional,     elementary*     ills., 
2.068. 
parts,  2.060. 

ills.,  2,060-2,062. 
pipe,  Almy,  ills.,  2,115* 
per  cent  used,  2,112. 
porcupine,  2,089. 

class.,  2,090. 

Niclausse,  ills.,  2,092. 

Racine,  ills.,  2,091. 

Shipman,  ills.,  2,090. 
Roberts,  cons.,  ills.,  2,171-2,076. 
sectional,    horizontal,    Babcock    & 

Wilcox,  ills.,  2,080. 

parts,  2.066. 
sensitiveness,  ills.,  1,982. 
series,  connection,  ills.,  2,058. 

parallel,  2.091. 

sectional,  ills.,  2,068. 
special,  2,117-2.126. 
tubeis),   grouping   classification, 

2.058. 

bent,  various  forms,  ills.,  2.082. 
transverse  drum,  ills.,  2.250. 
triple  tube,  over  discharge,  Mosher 

marine,  ills.,  2,087. 
types,  2,067. 
up  flo%  circulation,  ills.,  2,063. 


Boiler (s),  M9ater  tube,  up  Hiow, — Con. 

down  flow,  2,093. 
Vogt,  ills.,  2,250. 
water,  grate,  ills.,  2,079. 
level,  1,980. 
Boiler  construction,  2,155-2,262. 
angle,  bar,  ills.,  2,222. 
comer,  ills.,  2,217. 
bolt,  stay,   tap  thread,  2,205.  ' 

brass,  gau^s  used,  1,985. 
brick,  specifications,  1,985. 
bursting  pressure,  des.,  diag.,  2,162. 
cast  iron,  use^  2,000. 
copper,  smelting  methods,  1,985. 
*        cross  box,  Babcock  &  Wilcox,  2,248. 
crown  bar,  2,214. 
dome,  tracing,  diagonal,  alls.,  2^233. 

proportions,  2,234. 
drum,  end.  Union  Iron  Worlo.  ills.,  2,247. 
longitudinal    header,    Edge    Moor* 

ills.,  2,246. 
marine     transverse,     Babcock     & 

Wilcox,  ills.,  2,246. 
class,  2,244. 

steam  and  water,  Vogt,  "^Is.,  2,251. 
Edge  Moor,  ills.,  2,253. 
factor  of  safety,  2,163. 
fire  door,  des.,  ills.,  2,242-2,243. 
fiat  surfaces,  reinforcement,  2^01. 
gasket,  use,  2,230. 
hand  hole,  area,  table,  2,228. 
des.,  ills.,  2,226. 
fittings,  ills.,  2,255. 
plate,  area,  calc,  2,229. 

Union     Iron     Works,     partu 
ills.,  2,256. 
header,  2,251. 

classes,  des.,  ills.,  2,192. 

Edge  Moor,  ills.,  2,255. 

sectional,  Babcock  &  Wilcox,  ills.* 

2,254. 
stayed  area,  des.,  ills.,  2,198-2,201. 
stajring,  ills.,  2,215. 
heater,  feed  water,  2.256. 
^oint{s),  butt,  2,179,  2,181,  2,182,  2,184- 
butt,  straps,  equal,  ills.,  2,186. 

ills.,  2,169.  . 
ciircumferential,  ills.,  2,191. 
efficiency,  diag.,  2,160. 
lap,  butt,  diff.,  ills.,  2,167,  2.168. 
ills.,  2,169,  2,177,  2,178. 
single.  2,173. 
riveted,  efficiency,  2,171. 
pull,  effects,  diag.,  2,170. 
riveted,  strength,  2,160. 

U.  S,  Marine  Ridea,  2.189- 
2  190. 

Wicks,  table,  2,188. 
ligament,  efficiency,  diags.,  2,196. 
malleable  iron,  use,  2,000. 
man  hole,  area,  table,  2,228. 

cover,  swinging,  Cahill,  ills.,  2.231. 
des.,  ills.,  2.226. 
Eclipse,  ills.,  2,227. 
frame,  riveting,  ills.,  2.231. 
plate,  area,  calc,  2,220. 
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Boil«r  Gonatruetion,  mtui  hohp— Continued 

reinforcement  ring,  ills.,  2,230. 
manifold,  2,251. 
parts,  1.985. 

pipe  threads,  ntmiber,  minimtmi,  2,235. 
plate,  2,156. 

radial  T  bars,  ills.,  2,221. 
reinforcements,  types,  2,202. 
rivet  (s),  fracture  between,  ills.,  2,175. 

pitch,  2170,  iUs.,  2.171. 
riveted  joints,  calc,  2,172. 
rivets,  split  and  double  shear,  ills.,  2,175. 
rules,  2,155. 

seam,  element,  ills.,  2,173. 
shear,  single,  double,  diff.,  2,170. 
shell,  2,157. 

course,  2,159. 

strength,  calc,  2,159. 

thickness,  2,165. 
ills.,   2,166. 
.  total  pressure,  diag.»  2,158. 

j  side  plates,  ills.,  2.216. 

sling  straps,  ills.,  2,216. 
stay  angle,  steel,  2,214. 
stay  bolt,  screwed,  maximum, pitch,  2,219. 

tap,  ills.,  2.203. 
stay  is),  breaks,  2,207. 

crow  foot,  des.,  2,213,  ills.,  2,212. 

diagonal,  types,  ills.,  2,210. 

fastening,  methods,  ills.,  2.218. 

gusset,  des.,  ills.,  2,211. 
stress,  2,212. 

hollow,  ills.,  2,205. 

jaw,  des.,  ills.,  2,213. 

palm,  des.,  2,212,  ills.,  2,213. 

radial,  des.,  ills.,  2,217. 

riveted,  des.,  ills.,  2,205. 

rod,  des.,  ills.,  2,208. 

screwed,  diameter,  2,205. 

drilled  holes,  object,  2,206. 
flaws,  des.,  ills.,  2,206. 

socket,  des.,  ills.,  2,207. 

stress,  minimum,  2,221* 

tube,  2,209. 

ends,  ills.,  2,209. 
•pitch,  2,211. 
steam  drum,  Ladd,  ills.,  2,245. . 
steel,  application,  1,990. 
superheater,  2,256. 

elements,  ills.,  2,259. 

Foster,  ills.,  2.257,  2.258,  2,259. 

Heine,  ills.,  2,260,  2,261. 

location,  2,258. 
thread  stripping,  prevention,  2,204. 
tube{s),  2,238. 

expander,   segment,    Prosser,    ills., 
2  240. 
roller,  ills.,  2,240. 

fastening,  2,241. 

des.,  ills.,  2.193-2,198. 
tumbuckle,  ills.,  2,209. 
working  pressure,  des.,  2.163^  2,164. 
Boiler(,)  heating,  2,127-2,154. 
automatic  control,  2.152. 
base.  International,  ills.,  2,145« 

square,  NationaU  partet  ills**  2,132. 


BoilerC)  hmeMng, — Continued 
capacity,  table,  2,151. 
coil.  Monitor,  ills.,  2,144. 
combination,  rate,  2,131. 
construction  details,  2,143-2,152. 
drop  tube,  Gorton,  ills.,  2,141. 
fire  pot.  National,  ills.,  2.154. 
gas,  burner,  ills.,  2.133. 

travel,  diag.,  2.134. 
heatingsurface,  2,128. 

efficiency,  dug.,  2,135. 

inadequate,  effect,  ills.,  2,130. 
horitontal,  assembling,  ills.,  2,142-2.143. 

Capitol,  ills.,  2.139. 

circulation.    Ideal,  ills.,  2.147. 

Graham   home   made   water  tube, 
ills.,  2.148. 
International,   parts,  ills.,   2.131. 
long    pass,  ^ort    pass,  characteristics, 

ills.,  2.136. 
Mayer,  parts,  ills.,  2.138. 
not  cleaning,  result,  ills.,  2,140. 
performance,  2,133. 
"points,"  2,133. 
proportions,  2,133. 
push  nipple,  ills.,  2,137. 
section.  National,  ills.,  2.153. 
sectional,  Gumey,  ills.,  2.149,  2,150. 
steam  dome,  2,152. 

International,  ills.,  2,151. 
syphon    steam    regulator.    Ideal,     ills., 

2.152. 
underfeed,  Williamson,  ills.,  2,137. 
vertical,  round,  ills.,  2,128. 

tubular,  Andrews,  ills.,  2,136. 
water  back.  Gilt  edge,  ills.,  2,139. 
BoUer  material(s),  1,985-2,022. 
alloy,  cast  iron,  def.,  1.993. 

steels,  def.,   1.993. 
Bessemer ^  process,  ills.,  1.991. 

pig  iron,  def.,  1,993. 

steel,  def.,   1.993. 
boiler^  plate,  silicon,  effect,  2.005. 
brass,  physical  properties,  1,997. 
bricks,  expansion,  2.005. 

melting  points,  2,006. 

weight  2.005. 
brittle,  def.,  1,995. 
cast  iron,  1,987. 

def.,  1.993. 

physical  properties,  1,997. 
cast  steel,  def.,  1.993. 
charcoal  hearth  cast  iron,  def.,  1,993. 
cold  short,  def.,  1.995. 
converted  steel,  def.,  1.993. 
copper,  physical  properties,  1.997. 
crucible  steel,  def.,  1,993. 
ductile,  def.,  1.995. 
elastic  limit,  def.,  1,995. 
fusible,  def.,  1,995. 
grey  cast  iron,  def.,  1,993. 
hardness,  def.,  1,996. 

testing,  Brinnell  method,  1,99^. 
homogeneous,  def.,  1,996. 
hot  short,  def.,  1.996. 


INDEX  OF  GUIDE  No,  5 


VII 


.  Boiler  mator ial  (•,)  — Continued ' 
malleable,  castings,  def.,  1,904. 

producing  methods,    1,988. 
melting  point  of  solids,  def.,  1,996. 
open  hearth  steel,  def.,  1,994. 
pig  iron,  def.,  1,994. 
puddled,  iron,  def.,  1,994. 

steel,  def.,  1,994. 
refined  cast  iron,  def.,  1,994. 
resilience,  def.,  1,996. 
sheer  steel,  def.,  1.994. 
specific  gravity,  def.,  1,996. 
steel,  aluminum,  use,  2,004. 

carbon,  percentage,  2,002. 

castings,  def.,  1,994. 

def.,  1,994. 

manganese,  use,  2,004. 

nickel,  use,  2,004. 

phosphorus,  use,  2,003. 

physical  properties,  2,001. 

Production,  Bessemer  process,  1,991. 
open  hearth  process,  1,992. 

sulphur,  use,  2,004. 
strength,  def.,  1,996. 
tensity,  def.,  1,996. 
tough,  def.,  1.996. 
used,  1,985. 

washed  metal,  def.,  1,994. 
weldable,  def.,  1,996. 
weld  iron,-  def .,  1,994. 
white,  cast  iron,  def.,  1,994. 

pig  iron,  def.,  1,994. 
wrougHiron,  def.,  1,988,  1.994. 

puddling,  furnace,  ills.,  1,989. 
process,  1.988. 
Boiler  materials(,)  testing,  1,997-2,022. 
AJ3,M.E.  Boiler  Code,  2,008. 
bending  stress,  def.,  2.006. 
castings  specimen,  ills.,  2,021. 
cold  bending,  diag.,  2,011. 

test,  2,020. 
'     compression,  2,007. 

diag.,  ,2.013,  des.,  2,015.. 
deflection  instrument,  Olsen,  ills.,  2,007. 
deformation,  2,007. 
elastic   limit,  Malyshoff  method,  diag., 

2  002. 
factor  of  safety,  2,007. 
flattening  test,  diag.,  2,019. 
force,  2,007. 
^     hardness,  ills.,  2,018. 

test,  2,020. 
homogenity    test,     ills.,     2,020,     des., 

2,021. 
oad,  2,007. 
machine,  automatic,  Olsen,  ills.,  2,010. 

Olsen,  four-screw,  ills.,  1,999. 
micrometer,  ills.f  2,005. 
modulus  of  elasticity,  2,009. 

^  of  rupture«  2,009. 
object*  2,006. 
Olsen    micrometer   extensometer,    ills., 

2,002-2,004. 
permanent  set,  2,009. 
redlience,  2,011., 
Riehle  machine,  ills.,  2,015. 


Boiler  materials^) — Continued 
scleroscope,  1,997,  1,998. 
shear,  2.011. 
sh^nne  test,  2,017. 
single,  double  shear,  ills.,  2.016. 
specimen  holder,  Riehle,  ills.,  2,011. 
standard  specimen,   diag.,   2,008. 
strain,  2.011. 
stress,  2.011. 
tensile,  diag.,  2.012. 

si>ecimen,  ills.,  2,012. 
tension,  2,014. 

tortional  test,  des.,  ills.,  2,017. 
traverse,  ills.,  2,014,  des.,  2.016. 
universal  machine,  tortion  attachment, 

Olsen,  ills.,  2.001. 
weight  beam,  Riehle,  ills.,  2,009. 
yield  point,  2.013. 
Boiling  water,  circulation,  ills.,  1,800. 
importance,  ills.,  1,802. 
free  circulation,  importance,   l^SOl. 
higher  temperature    of   steam,    causes. 
1,792. 
•    Pot,  action  in,  1,779. 

iimer  bend  in,  effect,  ills.,  1.801. 
IT  tube,  circulation,  1.801. 
Bolt(s),  stay,  boiler,  2.202. 

boiler  constructioq,  ills.,  2,202,  2,203. 
tap,  thread,  2,205. 
Brace,  boiler,  2,202. 
Bracing,   dome,  steam  boiler  construction, 

.  diagonal,  ills.,  2,233. 
Brass  gauges  used,  1.986. 

materials,  physical  properties,  1,997. 
Braun  hand  power  coal  grinder,  fuel  analysis, 

ills.,  1.901. 
Breaking  stay  bolts,  steam  boiler  construc- 
tion, 2,207. 
Breeches,  flue  boiler,  2,037. 

Galloway  boiler,  ills.,  2,038. 
Bricks,  compressive  strength,  2,006. 

boiler  materials  and  specifications,  1,986. 

expansion,  2,005. 

fire,    furnace,    selection,    consideration, 

1.884. 
melting  points,  2,006. 
weight,  2,005. 
Brinnell  method  of  testing,  hardness  of  boiler 

materials,  1,998. 
Briquetted  peat,  des.,  1,834. 
British  Thermal  Unit,  def.,  1,756. 
Brown     platinum-rhodium    thermo-couples, 

ills.,  1,768. 
Bunsen,  burner,  operation,  1,853. 
parts,  Uls.,  1,853. 
fall  pump,  flue  gas  analysis  ills*,  1,927. 
Bureau  oi  Mines,  determining,  carbon,  fuel 
analysis,  1,902. 
hydrogen,  1,902. 
mtrogen,  1,903. 

method  of,  obtaining  average  flue  gas 
sample,  1.924. 
sealing     shipping    cams,    ills., 
1.892. 
Bumham   flue   and    fire    tube    boiler,    ills.* 
2,114. 


M 
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Burstins  oressure,  steam  boiler  construction, 

diag.,  dcs.,  2,162. 
Butt    joint (s).   steam    boiler    constructton, 
jom     ;jj^  ^  ^^^^  2^^^^  2,181,  2.182. 

2,184,  2196. 


C 


Calorimeter,  barrel,  des.,  1.811,  lf812. 
combustion,  d<>uble  valve  type,  Emer- 
son, ills.,  1.870. 
connections,  wrong,  diag.,  1,817. 
Carpenter f  ills.,  1.916. 

operation,  1,916. 

principles,  1,916. 
fuse  wire,  correction,  1,912. 
heat  radiation,  correction,  1,912. 
ignition  wiring,  methods,  Bmerson,  ills., 

1,908. 
Mahler,  ills.,  1,906. 
radiation  correction,  Pfaundlcr  s  method, 

1,912. 
readings,  erroneous,  ills.,  1,817. 
sampling  iio«s/«,  1,820. 

Stott  and  Pigott,  ills.,  1,818. 
Satco,  ills.,  1,907. 
Sdentia,  ills.,  1,915. 
separtaingt  des.,  1,815. 

error,  percentage,  1,811. 

operation,   1,816. 
sulphur  correction,  fuel  analysis,  1.914. 
test,  des*,  1,909.  ^  ,       . 

fuel  analysis,  heat  of,  combustion, 

1.905. 
Thompson,  ills,  1,918. 
ihrottUng,  compact,  ills.,  1.819. 
^isoHf  construction,  1,813. 
ills.,  1,813. 
operation,  1,813. 
error,  i>eroentage,  1,811. 
ills.,  1,814. 
ice  to  steam,  ills.,  origin  plate,  1,820. 

types,  1,811. 

uses,  1,811.  .„ 

vacuum  walled  jacket,   Emerson,  iiis., 

1,909. 
water  equivalent,  1,914. _ 

methods  of  obtaimng,  1,914. 
Calorific  values  combustible  gases,  1,871. 
Can,  shipping,  scaling  method,  U,  S.  Bureau 

of  Minea,  ills.,  1,892. 
Candle  flame,  analysis,  diag.,  1,846,  1,874. 
Cannel  coal,  des.,  1,827. 
Capacity,  flue  gas  collectors,  1,925. 

table  steam  heating  boilers,  2,151. 
Capitol    horizontal    steam    heating    boiler, 

ills.,  2,139.  .  .  .„ 

Carbon,    apparatus   for   determimng,    ills., 
1,913.  ^^ 

cast  steel,  percentage,  1,990. 

des.,  1,847.  ^  oeo 

dioxide,  physical  properties,  LS-w. 
fixed,  1.823.  1.889,  1,898. 


Carbon, — Continued 

fuel    analysis,  A^JUJB,  method  of  de- 
termining, 1.902. 
Bureau  of  Minee,  method  of  de- 
termining, hW2. 
hard  steel,  carbon  percentage,  1,990 
hydrogen  ratio,  coal  classification,  use, 

1  829. 
steel,  petcentsjee,  1,990,  2,002. 

steam  bofler  materials,  uses,  2,002 
Carpenter  calorimeter,  1,916. 
Cartridge    details.    Parr    calorimeter,    ius.» 

1,910. 
Casey-Hedges  non-sectional  horizontal  water 
tube  boiler,  ills.,  2,078. 
two  pass  fire  tube  boiler,  ills.,  2,110. 
Cast  iron,  steam  boUer  material,  1,987. 
alloy,  def.,  1,993. 
charcoal  hearth,  def.,  1,993. 
grey,  def.,  1,993. 
open  hearth  process,  ills.,  1,092. 
ph^ical  properties,  1,997. 
refined,  def.,  1,994. 
use.  2,000. 
white,  def.,  1,994. 
Cast  steel,  carbon  percentage,  1,990. 
def.,  1,993. 
malleable,  def.,  1,994. 
steel,  def.,  1,994. 
Centigrade  thermometer  scale,  1,763. 
Chamber      combustion,     bituminous      coal, 
proportions.  1,879. 
heat  btoring,  effects,  1,879. 
refractory  properties,  effects,  1,879. 
* 'Change  of  state,"  def.,  1,781. 
how  effected,  1.782. 
temperature,  1,782. 
Charcoal    hearth    cast    iron   def.,    1.993. 
Chart(s),  COi  recorder,  Sarco,  »Jl|-t  !»»«. 
smoke,  Ringchnann,  diag.,  1.880. 
Uehling  COj  recorder,  diag.,  1,952. 
Circulation,    features,    classification,    water 
tube  boUer,  2.059.    .       ^  ., 
Ideal  horizontal  steam  heating  boUer, 

iUs.,  2,147. 
in  boilers,  importance,  ills.,  1,802. 
of  water,  in  boiling,  ills.,  1,800. 

in  boilers,  ills.,  1.803. 
rapid,   steam  boiler  desirabihty,   des., 

diag.,  1,978.  , 

water  in  boilers,  inclined  tube  method, 

ills.,  1.803.  ^. 
water  tube  boiler (s),  directed  flow,  ills., 
2,064,  2,065. 
Circumferential  joint,  steam  boiler  construc- 
tion, ills.,  2,191.      ^,    ^,      . 
Clayton  &  Lambert,  laboratory  blast  torch, 

ills.,  1,900. 
Clinkers,  cause,  1,883. 

def.,  1,885.  «    .      ,  ,r7n 

Closed,  vessel,  vaporization,  effects,  l,77W. 
temperature,    lowering,    effects, 
1,799. 
water  tube  boilers,  2,089. 
Clyde,  &  Scotch   marine  boilers,  difference, 
2.054. 
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boiler.  Marine  Iron  Works,  ills.,  2.052. 
tyve,  special  boiler,  modified,  2,109. 
Murray,  ills.,  2,109. 
single  nue,  ilte.,  2,109. 
water  back,   removable,  ills.,  2,031. 
Coal*  age,  classification,  1,825. 
American,  classification,  1  829. 
losses,  table,  1.953. 
anihradU,  des.,  1,825. 

sites,    1.831. 
ash,  des.,  1,823. 
bituminous,  des.,  1,826. 
semi-,  des.,  1,826. 
siMe,  eastern  states,  1.831. 
western  states,  1,831. 
block,  des.,  1,827. 
cannel,  des..  1,827. 
carbon    hydrogen    ratio,    classification, 

use*  1,829. 
chemical,  composition,  1,824. 

constituents,  1.823.  ^ 

classification,  1,824,  1,825. 
combustible,  total,  des.,  1,823. 
combustion,  air  required  for,  1,861. 

characteristics,  1,825. 
composition  of,  1,876. 
culm,  des.,  I,8i28. 
density,  classification,  1,825. 
fixed  carbon,  des.,  1,823. 
fuel    analysis,     heating    value,     calc, 

1.911. 
gas,  comparison,  table,  1,843. 
grinder,    fuel    analysis,    hand    x>ower, 

Braun,  ills.,  1,901. 
heating  values,  1,828. 

different  causes,  1,823. 
ligniU,  des.,  1,824,  1.827. 
location,  1,823. 
lumps,  1.830. 
oil,   evaporation,    comparative,     1,841. 

fuel  value,  relative,  1,840. 
properties  of,  1,822. 
samplers) ,  gro6s,  preparing,  ills.,  1 ,890-9 1 . 

Jones,  ills.,  1.905. 
sizes,  1,830,  1.831. 
Coal  tar,  composition,  chemical,  1.838. 
des.,  1.838. 
heatinj  value,  1,838. 
vs.  oil  tar,  1,839. 
testing,  1.889. 

vegetable  origin,  evidence,  1.824. 
volatile  matter,  des.,  1,823. 

percentage  curves,  1.872. 
wood,  heating  values,  comparative, 
1,885. 
Cochrane  boiler,  ills.,  1,938. 
Coefficient  of,  expansion,  diag.,  1,772. 

linear  expansion,  det.,  1,772. 
Coke,  analysis,  1,833. 

combustion,  air  required  for,  1,861. 
des.,  1,832. 

gas  retort,  production,  1,832 
heating  value,  1,833. 
physical  properties,  1,832. 
Coil  boiler.  Monitor,  ills.,  2,144. 


)2. 


Cold,  bending,  test,  diag.,  2,019,  2,020. 
effects,  1,755. 

molecular  vibration,  influence,  1,755. 
short,  def.,  1.995. 
shut,  def.,  1,995. 
Collector,  flue  ^as,  automatic.  Hays,  1,924. 
tapacity,  1,925. 
ills.,  1.926. 
operation,  1,926. 
over  water,  objection,  1,925. 
sample.    Hays  automatic  flue  gas 
collector,  1,924. 
Colored  smoke,  indication,  1.876. 
Combined  fire  tube  boiler,  Fitzgibbons,  ills.*     ^ 

2,107. 
Combustible,  def.,  1,889* 
principleis^)  1.847. 

variation,  1,847. 
total,  des.,  1,823. 
Combustion,  actual,  resultant,  1,921. 
air,  excess,  effects,  1,879. 
heating,  effects,  1,856. 
necessary  amount,  theoretical,  cal-    , 

culated,  table,  1,861. 
nitrogen,  effects,  1,856. 

effect,  useful,  1,856. 
supply,  pre-heating,  effects,  1,883. 
analysis,  ultimate,  1,858. 
ashes,  def.,  1,884. 

iron  oxide,  effects  of  in,  1,886. 
principle  constituents,  1,885. 
blow  pipe,  ills.,  1.860. 
operation,  1,860. 
parts,  1.860. 

using,  instructions,  1,860. 
calorimeter,  double  valve  type,  Emerson» 

ills.,  1,870. 
candle  flame,  analysis,  diag.,  1,846. 
carbon,  des.,   1.847. 

dioxide,  physical  properties,  1,853. 
chamber,  bituminous  coal,  1,879. 
heat  6toring,  effects,  1,879. 
refractory  properties,  effects,  1,879|» 
character  of  coal  classification,  1,825. 
clinker  (s),  (!-f.,  1.835. 

cause,  1.833. 
coal,  volatile  matter,  percentage  curves* 

1  872. 
complete,  1,851,  1.853. 

ashes,  percentage,  1,886. 
hydro-carbon  gasies,  how  obtained* 

1,878. 
oxygen,  amount  necessary,  1,854. 
crucibles,  various,  ills.,  1,873. 
Davy's    lamp,    experiment    with,    ills.t 

1,849. 
def.,    .845. 

Dtilong's  formula,  1,864. 
elements,  1,850. 
excess  air,  effects,  1,856. 
feature  classification,  water  tube  boiler, 

2,060. 
flame,  candle,  1,874. 

cooling  Ignition  temperature,   ills.* 

1,850. 
visible,  1,875. 
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Comhuation,— Continued 

fuel,  def.,  1,846. 

dry*  heating  value,  fonnulflB»  1,864. 
gaseous,  heating  valve,  1,869. 
gases,     air     supply,     non-mixing, 

effects,  1.878. 
heating  value,  available^  1,865. 
determination,  1,862,  1.863. 
high  smd  low,  1,869. 
incombustible  matter,  1,885. 
kindling  temperature,  1,850. 
smoke  causes,  1,877. 
various,  air  required,  1,858. 
furnace,  design,  poor,  effects,  1,884. 
fire  brick,   selection,  1,884. 
temperature,  calculating,  1,881. 
increasing,  1.883. 
gases,  calorfic  valves,  1,871. 
heat  of,  calorimeter,  fuel  analysis,  table, 
1.912. 
calorimeter  test,  1.905. 
hydro-carbon,  acetylene,  heating  valve, 
1.852. 
benzole,  heating  value,  1,852. 
heating  valve,  1.852. 
marsh  gas,  heating  value,  1,852. 
methane,  heating  value,  1,852. 
olefiant  gas,  heating  value»  1,852. 
hydrogen,  des.,  1,848. 

density,  1,848. 
ignition  point,  1,849. 
imperfect,  how  indicated,  1,876. 
incomplete,  1,855. 

ills.,  1.851. 
kindling  point,  1,849. 
perfect,  air,  actual  amount,  1,859. 
invisibility,  1,875. 
products,  resultant,  1,920. 
results,  1,853. 
principles,  water  tube  boiler,  ills.,  2,069. 
proximate  analysis,  1,873. 
rates,  steam  heating  boiler,  ills.,  2,138. 
Ringlemann's   readmgs,   plotting,  diag., 

1,882. 
secondary,  causes,  1,861. 
smoke,  black,  indications,  1,877. 
black  particles,  1,875. 
causes,  ills.,  1,876. 
chart,  Ringelmann,  diag.»  1,880. 
classification,  1,880. 
colored,  indication,  1,876. 
density,       determining,       electrical 
method,   1,882. 
grading,  1,881. 
aeating  boiler,  rate,  2,131. 
sulphur,  des.,  1.849. 
supporter  of.  ills.,  1,855»  1357* 
surface  of  flame,   ills.,  1354« 
ultimate  analysis,  1,863. 
throttling,  calorimeter,  ills.,  1,819. 
Compression  test,  2,007,  2.013,  2,015. 

steam  boiler  materials,  diag. 
Compressive  strength,  bricks,  2,006. 
Condensation,  causes,  1,799. 
Conductivity  of  heat,  in  metals*  ills.,  1,775. 


Connelly  multi-drum  water  tube  boiler,  ills., 

2,094. 
Cooling,  effects  due  to  excess  air,  table,  1:921. 
of  name  below  ignition  temperature,  ills., 
1,850. 
Copper,  smelting  methods,  1,986. 

physical  properties,  1,997. 
Comer  angles,  steam  boiler  const.,  ills.*  2,217. 
Couple,  thermo-.  Pox  bars,  com.,  ills.,  1,760. 
Courses,    shell,    boiler    construction,    2.159. 
Cover,  man  hole,  steam  boiler  construction, 

swinging,  Cahill,  ills.,  2,231. 
Coverings,  steam  boiler,  2,006. 
Cornish  boiler,  des.,  2,033. 
dimension,  2,035. 
parts,  2,034. 
Cornish,  Lancashire  steam  boiler,  diff.,  1,970. 
COs  recorder,  air  excess,  table,  1,953. 

auxiliary    boiler    room,    Uehling,    ills., 

1,954. 
Bacharach  pocket,  ills.,  1,937. 
chart,  sarcq,  ills.,  1,943. 
checking  COs,  1,914. 
draught  gauge,  1,949.  * 
elementary,  operation  cycle,  1,944. 
flue  gas    analysis,    Bacharach    pocket, 

manipulation,  diag.,  1.938. 
fuel  losses,  table,  1,953,. 
gauge^  Uehling,  ills.,  1,954. 
machine,  Uehun^,  ills.,  1,952. 
operation,  principles,  1,943. 
readings,  taken  alone,  unreliability, 

1,939. 
Sarco,  1,948. 

operation,  1,941. 
parts,  ills.,  1,940. 
Uehling,  charts,  diag.,  1,952. 

important  parts,  dia^.,  1,951. 
working  principles,  duig.,  1,950. 
what  COs  indicates,  1.939. 
Critical  temperature,  diag.,  1,781.  . 
Cross  box,  steam  boiler  construction,  Bab- 
cock  &  Wilcox,  ills.,  2,248. 
Crow  foot  stay,   2,213,  ills., .  2,212. 
Crown,  bar,  steam  boiler  construction,  2,214. 

sheet,  Reynolds,  boiler,  ills.,  2.106. 
Crucible(s),  combustion,  varioxis,  ills.,  1,873. 
steel  steam  boiler,  material,  def.,  1.993. 
Crude  oil,  des.,  1.839. 
Crusher  plate,  fuel  analysis,  ills.,  1.902. 
Cube,  Leslie,  ills.,  1,773. 
Culm,  des.,  1.828. 
Curved  water  tube  boilers,  2,080. 
Curves,  volatile  matter,  coats,  percentage, 

1,872. 
Cycle,  operation,  cog  recorder,  1.944. 


D 


Davy's  safety  lamp,  cams,  1.847. 
experiment  with,  ills.,  1,849. 
iUs.,  1,847. 
principles,  ills.,  1.848. 
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Deformation   test,    steam   boiler   materials, 

2,007. 
Density,  liquid,  .point,  1,788. 
maximum,  li<]uid,  1,788. 

voltimetnc  changes,  1,788. 
of,  coal,  clas^cation,  1,825. 

hydrogen, ,1,848.    ,       .    .        .,    . 
smoke,  determmmg,    electncal  method, 
1.882. 
grading,   1.881. 

Rmgelmann  scale,  ills.,  1,881. 
Design,  furnace,  poor,  effects,  1.884. 
De^cator,  fuel  analysis,  Scheibler,  ills.,1.899. 
Diagonal,  bracing,  steam  dome,  ills.,   2.233. 
rivet  pitch,    2.170,  ills.,  2,171. 
stay»  types,  iUs.,  2,210. 
Diameter,  screwed  stay,  2.205.     . 
Dioxide*  carbon,  physical  propertiw,  l.SJ^l 
Diluted  flow,  water  tube  boiler,  ills.,  2,065. 
DistiHates  in  coal,  1,876.  . 
Dome  steam,  boiler,  bracing,  ills.,  2.23d. 
International,  ills.,  2.151. 
proportions,  2.234. 
Doors,  fire,  des.,  ills.,  2  242:-2.243. 
Down,  draught  steam    heating  boiler,  ms., 
2  149. 
watertube  boiler,  ills.,  2,070. 
fiow,    water    tube    boilers,   ills.,  2,064, 
2,070,  2,096.  2.097. 
Draught  gauge,  COi  recorders,  1.949. 
Drop  tube  boiler.  Field,  ills.,  2,045. 

heating  boiler,  Gorton,  iUs.,  2,141. 
Drum,  8eeboiler(s),  drum,  2,245. 
Dry,  fuel,  heating  value,  formulae,  l,8o4. 
pipe,  upright  shell  boiler,  Graham,  ills., 

2.044. 
steam,  1,789. 
Dnring  oven,  Gaertner,  ills.,  1,896. 
Ductile,  def.,  1.995.. 
Dulong's  formula,  oil  tar,  1.839, 1,864. 
Duplex,  and  triplex  fire  tube  boilers,  des., 

horizontal  return  fire  tube  boiler,  ills., 
2,100. 


E 


Eastern  States  bituminous,  coal,  1.831. 
Eclipse  manhole  construction,  ills.,  2.227. 
Edge  Moor,  header,  ills.,  2.255. 

longitudinal  header  drum,  boiler  cons- 
truction, ills.,  2,246. 

steam  boiler  construction,  ills.,  2.253. 
Eimer  &  Amend,  analytical  balance  weights, 
ills.,  1.894. 

double  wall   oven,   ills.,   1.895. 

muffle  furnace,  fuel  analysis,  ills.,  1.896. 

reading  lens,  ills.,  1.9}1« 

sulphur  photometer,  ills.,  1.914.         , 
Elastic  limit,  Malysheff  method,  determining, 
diag..    2,002. 

steam  boiler  materials,  def.,  1.995. 


Elasticity,    modulus  of,    2,009. 
Electric,  muffle  furnace,  ills.,  1,896. 

method  of  determining  smoke  density, 
1  882. 
Elementary,  CO*  recorder,  deration  cycle, 
1.944. 
non-sectional  water  tube  boiler,  longi- 
tudinal drum,  ills.,  2,066. 
parallel  sectional  water  tube  boiler,  ills., 

2,068. 
series  sectional  water  tube  boiler,  ills., 

2,068. 
steam  boiler,  parallel  connection,  ills., 
1.804. 
series  connection,  ills.,  1,804. 
water  tube  boiler,  des.,  2,061,  ills.,  2,062. 
Elephant  boiler,  ills.,  2.029. 
Eliot  apparatus,  flue  gas  analysis,  ills.,  1,934. 
Ellison  throttling  calorimeter,  1,813. 
Emerson,  calorimeter,  ignition  wiring,  meth- 
ods, ills.,  1.908. 
vacuum  walled  jacket,,ills.,  1,909. 
double  valve  type  calorimeter,  ills.,  1,870 
Energy,  row  plants  receive,  1,822. 
Engine,   fire   boiler,    fire   tube   water  tube, 
Silsby,  ills.,  2.125. 
shell  water  tube.  Fox,  ills.,  2.122. 
Equivalent,  of  heat,  mechanical,  1.770. 

water,  calorimeter,  1.914.     ^^ 
Eschkas  method,  fuel  analysis,  1,900. 
Ethelyne,  heating  valve,  1.852. 
Evaporation,  factors  of,  1.803,  1.805,  1,806. 
table,  1.807.  1,808. 
latent  heat,  1,781. 
of  coal  and  oil,  comparative,  1,841. 
rates,  steam,  boiler,  1.977. 
standard,  1,805. 
water,  fuel,  table,  1,844. 
Evolution    of,    horizontal    return    tubular 
boUer,  ills.,  2,026. 
upright  boiler,  diag.,  2,040. 
Excess  air,  and  C02,  table,  1,953. 
combustion,  effects,  1,856. 
flue  gas  analysis,  table,   1,921. 
Expander,  tube,  roller,  iUs.,  2.240. 

segment,  Prosser,  ills.,  2,240. 
Expansion,  coefficient  of,  diag.,  l,772i 
due  to  heat,  1,771. 

advantages,  1.773. 
linear,  coefficient  of,  def.,  1,772. 
liquid,  1,788. 
of  bricks,  2,005. 

provision  in  boilers,  1.772.  „<,« 

Extended  shell  tri-pass  fire  tube  boiler,  2,110. 
Extension     and     compression     micrometer, 

Olsen,  iUs.,  2.005. 
Extensometer,    micrometer,    Olsen,    2,002- 

2.004. 
External,  latent  heat,  1,795. 

diag.,  1,796. 
External,  work  effusion,  1,786. 
diag.,  1,787. 
formula,  .1.787. 
work  of  vaporization  1,795. 
Externally  fired  boiler,  1,971,  1.984. 
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Factor(8)  of  evaporation,  1,805. 
how  obtained,  1,803. 
table,  1.808. 
use,  1,807. 
Factor  of  safety,  steam  boiler,  2,163. 
test,  steam  boiler  materials,  2,007. 
Fahrenheit,  surfusion,  1  785. 

thermometer,  scale,  1,763. 
Fall  pump,  Bunsen,  ills.,  1,927. 
Feed  water  heaters,  boiler  construction,  2,256. 
Field  drop  tube  boiler,  ills.,  2,046,  2,072. 

operation,  1.967. 
^      Ward,  ais.,  2,072. 
Fire,  box,  boiler,  1,970. 

brickSt  furnace,  selection,  consideration. 

1  884. 
doors,  steam,  des.,  ills.,  2,242-2.243. 
engine   boUer,    fire   tube    water    tube, 
Silsby,  iUs.,  2,125. 
shell,   water  tube.    Pox,   ills., 
2,121. 
pot,    steam    heating    boiler.    National, 

ills.,  2,154. 
tube  and  water  tube  boiler,  diff .,  1 .965. 
Fro  tube  boiler,  see  Boiler(s)  fire  tube. 
Firing,  grate  shape,   boiler  characteristics, 

effect,  diag.,  1,976. 
«.^  .proper,  eondition  necessary,  1,887. 
Fittings,  header  hand  hole,  ills.,  2,265. 
Fitsgibbons  combined  fire  tube  boiler,  ills., 
«..     .  2.107. 

Fixed  carbon,  des.,  1,823. 
def.,  1,889. 

fuel  analysis,  testing  for,  1,898. 
gixed  pomts,  thermometer  scale,  1.760. 
Flame,  candle,  analysis,  diag.,  1.846. 
ills.,  1.874. 
parts,  ills.,  1.874. 
cooling.  Ignition  temperature,  ills.,  1,850. 
surface,  only  complete  combustion,  ills., 

1,854. 
visible,  1,875. 
F^ttemngtest,  diag.,  2,019. 
Flooding  superheater,  object,  2,259. 

results,  2,259. 
Flue,  andfire  tube  boiler,  Bumham,  ills.,  2,114. 
obiect,  2,114. 
and  tube,  diff.,  2.025. 
and  tubular  steam  boiler,  1.964. 
*o»/€r,  disadvantages,  1.964. 

Western  river  type,  Rees,  ills.,  2,056. 
Galloway,  ills.,  2,039. 
Flue  gas  analysis.  1 .919-1 .938. 

basis  chemical  reaction,  1,928. 
COf,  increased  saving  due  to,  1.920. 
COt  recorder,  Bacharach  pocket,  ills., 

1,937,  1.938. 
iShot  apparatus,  ills.,  1,934. 
excess  air,  cooling  effects,  table,  1,921. 
fall  pump,  Bunsen,  ills.,  1.927. 
jet  pump,  Richards,  ills.,  1.927. 


F1u«  gaa  analysis, — Continued 

Orsat  apparatus,  care  of,  1,929. 
chemical  reagents  used,  1.931. 
des.  1,932. 

four  pipette,  ills.,  1.932. 
precision  100 cc.  standard,  ills.,1.936. 
three  pipette,  connection,  ills.,  1 ,930. 
pipette,  Hempel,  ills.,  1,933. 
precision  "Boiler  tester,"  ills.,  1,935. 

parts,    1.935. 
process,  des.,  1,928. 
resultant  products  perfect  ocnnbustion. 

1.920. 
results,  1,919. 

sampling  tube,  location,  1,925. 
steam  pump,  des.,  1,928. 
Flue  gas,  collecting  over  water,  objection, 
1.925. 
collector,    automatic,    Hajrs,    collecting 
sample,  1,924.  1,925,  1,926, 
precision,  ills.,  1.923. 
pumps,  types,  1,926. 
sample    average,     obtaining,     A,S,M.E, 
method,  1,923. 
obtaining.  Bureau  of  Minea  meth- 
od. 1.924. 
sample,  taking,  best  method,  1,925. 
samphng,  1.923. 
Flue,  shell  boiler,  Galloway,  cons.,  2,035. 
Poster  superheater,  elements,  ills.,  2.259. 
_      ills.,  2,257,  2,258. 
Pour,  pipette  Orsat  appaiatus,  ills.,  1.932. 

screw  testing  machme,  Olsen,  ills.,  1,999. 
Foxboro  thermo-couple,  cons.,  ills.,  1.769. 
Pox  shell  water  tube  fire  engme  boiler,  ills., 
„  2,122. 

Frame,  man  hole,  riveting,  ills.,  2.231. 
Free     circulation     of     water,     imoortance. 

.1,801. 
Freezing,   point   thermometers,    method   of 
determining,  iUs.,  1,761. 
water^  as  it  boils,    Leslie's  experiment, 
diag.,  1.782. 
^  volumetric  change,  1.785. 

"Prom  and  at  212"  F,"  def.,  1.805. 
Fuel,  amount,  boiler  characteristics,  deter- 
_  mination,  1.975. 

Fuel  analysis,  1,887-1.918. 

analjrtical  balance,  Gaertner,  ills.,  1.893. 
approximate  analysis,  1,892. 
apparatus  required,  l.S^3. 
ultimate  difference,  1,889. 
ash,  1,892. 

analysis^  1898,  1.915. 
balance    weights,   analytical,   Bimer  A 

Amend,  ills.,  1.894. 
bell  motors,  ills.,  1,904. 
calorimeter,  see  Calorimeter. 
carbon,  A.S,M,E.,  determining,  1,902. 
Bureau   of  Minea,     determining. 

1.902. 
fixed,  def.,  1,884. 

testing  for,  1,898. 
coal,  grinder,  hand  power,  Braun,  ills- 
1.901. 
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Fuel  analysU»  eotU, -Continued 
heatisig  value,  calc,  1,011. 
sam^,     gross,     XMrepaxing,     ills., 
1,890-1.891. 
Tones.  ills.»  1,905. 
combtastible,  def.,  1.889. 
cruaher  plate»  ills.,  1,902. 
dessicator,  Scheibler,  iUs.^  1,880. 
furnace f  electric  muffle*  Eimer  &  Amend, 
ills.,  1.896. 
muffle,  Weisn^g'Sf  ills.,  1.808. 
heating  value*  see  H«itmg  value. 
hydrogen,    AJ3.M.E.    and    Bur.eau    of 

Mine9f  detennininff,  1,902. 
laboratory,  blast  torch,  X^yton  ft  Lam- 
bert, ills.,  1.900. 
burners,  various,  ills.,  1,897. 
lens,  leading,   Eimer  &  Amend,   ills., 

1,911. 
liqiUd,  1,917. 

sulphur  test,  1,918. 
ultunate,   1.917. 
^moisture,  1,892. 

determining,  1.002. 
testing,  methods,  1,804. 
necessity  of,  1,887. 
nitric  acid  correction,  1,913. 
■nitrogen^    AJSJUJS*    and     Bureau    of 

Mtne»f  determinizLg,  1,903. 
■oven,   double   wall,    Eimer  &   Amend, 

ins.,  1.895. 
•oxygen  determination,  1,904. 
pellet  press,  ills.,  1,904. 
shipping  cans,  method  of  sealing,  U.  S, 
Bureau  of  Minee,  ills.,  1,892. 
.sulphur,  correction,  1.914. 
determining,  1.903. 
photometer,  Eimer  &  Amend,  ills., 

1.914. 
Uating,  1.899. 

Eschbach's  method,   1.908. 
H;otal  carbon  determination  apparatus, 

ills.»  1.913. 
MUimaU,  analyses,  1.900. 

apparatus  required,  1,902. 

heating  value,  1.904. 

heat  value,   determining,  objection 

to,  1.905. 
items,  considered,  1.901. 
proximate,   differepce,   1.889. 
volatile  matter,  1.889,  1,805. 
Puel(8),  bagasse,  des.,  1,837. 
heating  value,  1,837. 
character,  classification,    1,821. 
clinker,  def.,  1,885. 
coal,  gas,  comparison,  table,  1,843. 
heating  values,   1.828. 
oU,  evaporation,  comparative,  1.841. 

fuel  value,  relative,  1.840. 
sizes,  1330. 

testing,  methods,  1^80. 
coke,  des.,  various  kinds,  1,825  1.828. 

gas  retort,  production,  1.832. 
combustion,  see  Combtistion 


Fu«l(s),  eon%bu9t{on,^^ontinued 

heating  value,  available,  1,865. 

determining,  ultimate  analysis, 
metliod,  1,863. 
incombustible  matter,  1,885. 
Jdndling  temperature,   1,850. 
crude  oil,  composition,  1,830. 
•definition,  1,821,  1,846. 
dry,  heatinsr  value,  formula,  1.864. 
economy  condition,  steam  boiler,  2.031. 
gas,  amount  per  H.  P.  required,  1,844. 
coalp  comparison,   table,  1.843. 
liquid  fuel,  comparison,  1,843. 
natural,  heating  value,  1.843. 
gaseous,  composition,  1.842. 

heating  value,  1,869. 
gases,  air  supply,  non-mixing,  effects, 

1,878. 
heating  value,  see  Heating  value. 
li^id,  1.830-1,842. 

crude  oil,  composition,  1,830. 
gas  fueL  comparison,  1,843. 
oil,  17.  S.  Navy  report,  1.841. 
petroleum,  heating  value,  1.840. 
losses  and  COi,  table,  1,053. 

represented  by  COs,  1,050. 
oil,  advantages,  1,830. 

cool,     evaporation,     oonA>arative, 

1,841. 
coal,  fuel  value,  relative,  1,840. 
U,  S,  Navy  report,  1.841. 
Peet,  1.833,  1,834. 
petroleum,  heating  value,  1.840. 

kinds,  1.830. 
sawdust,  conditions  necessary  for,  1,837. 

heating  value,  1.837. 
smoke,  causes,  1,877. 
state,  classification,  1321. 
straw,  composition,  1,836. 

heating,  1.836. 
tan  bark,  use,  1,836. 

wet,  proper  use,  1.836. 
tar,  coal,  composition,  chemical,  1.838. 
des.,  1.838. 
heating  value,  1.838. 
qH,  composition,  1,830. 
heating  value,  1,830. 
testing,  apparatus,  necessary,   1,888. 
use  of,  knowledge  necessary,  1,887. 
value  of  coal  and  oil,  relative,  1,840. 
various,  air  reqttired,  1,858. 
water  evaporation,  tables,  1,844. 
wood,  kinds  of,  1,835. 
term,  1,834. 
water,  effect,  1.835. 
Furnace  (s),  air,  steam  boiler  materials,  ills., 
1,087, 
arrangements,    steam    boiler,    various, 

ills.,  1.068. 
classification,  steam  boiler,  1.055,  1.050. 
combustion,    temperature,    calculating, 

1.881. 
design,  poor,  effects,  1,884. 
fire  brick,  selection,  consideration,  1,884 . 
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electric  muffle*  Eixner  ft  Amendt  ills., 
1.896. 
muffle,  Weisn^Qg'8,  ills.,  1,898. 
open  hearth,  steel  pxoduction,  ills.,  1,992. 
puddling,  wrought  iron,  ills.,  1.989. 
shape  classification,  1,959. 
internal,  external,  comparison,  1,984. 
temperature,  increasing,  1,883. 
Fuse  wire  correction*  calorimeter,  1,912. 
Fusible,  def.,  1,995. 
Fusion,  1J88. 

description,  1,782. 

external  work,  1,786,  1,787. 

formula,  1,787. 
heat,  latent,  def.,  1,783. 
internal  work,  1.786. 
formula,  1,786. 
latent  keat,  of,  1,781. 

use  of,  1,783. 
of  ice,  changes  necessary,  1,781. 
work  of»  1.786. 
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Gaertnelt  analytical  balance,  ills.,  1,893. 
drying  oven,  fuel  analysis,  ills.,  1,896. 
Galloway,  boiler,  des.,  2,038. 

boiler  showing  breeches  and  Galloway 

flues,  ills.,  2.038. 
fine,  ills.,  2.039. 
cons.,  2,035. 
tubes,  steam  boiler,  1,970. 
Galvanic  action  on  steel,  effects,  1,990. 
Gas(es),     and     liquid     fuels,     comparison, 
1343. 
burner,  steam  heating  boiler,  ills.,  2,133. 
coal,  comparison  table,  1,843. 
combustion,  calorific  values,   1,871. 
description,  1,781. 
flow,    Ideal    horizontal   steam    heating- 

bofler,  ills.,  2,147. 
Jlue  analysis,  see  Flue  gas  analysis. 
Gas,   hydro-carbon,    complete    combustion, 
how  obtained,  1,878; 
marsh,  heating  value,  1,852. 
molecular  movements,  1.756. 
natural,  heating  value,  1,843. 
olefiant,  heating,  value,  1,852. 
passage,  steam  boiler,  area,  1.977. 
reqtiired  per  H.  P.,  fuels,  amount,  1.844. 
retort  coke,  production,  1.832. 
specific  heat  variation,  1.778. 
travel,    steam    heating    boiler,    diag., 
2.134. 
Gaseous  fuels,  comi>osition,  1,842. 

heating  value,  1.869. 
Gaseous  steam,  1,790. 
Gases,  specific  heat,  table,  1,778. 
Gasket,    steam    boiler    construction,    use, 

2,230. 
Generator,    difference   between   boiler   and, 
ills.,  1,971,  1.972. 
types,  1,972. 


Gilt  edge  water  back,  steam  heating  boiler. 

Uls.,  2.139. 
Gorton  drop  tube  steam  heating  boiler,  ills.. 

2.141. 
Graham,  dry  pipe  for  upright  shell  boilers, 
ills.,  2.044. 
steam  heating  boiler,  ills.,  2,148 
water  tube  boiler,  ills.,  2,148. 
Grate  dimensions,   1,974. 
function,  1.974. 
surface,  boiler,  2,113. 
various  proportions,  diag.,  1,976. 
water  tube    boiler,  water,   ills.,   2,079. 
•  width,   boiler  characteristics,    1,975. 
-Gravity,  specific,  def.,  1,996. 
Gray,  pig  iron,  def.,  1,993. 

cast  iron,   def.,  1,993. 
Gauge,  COt  recorder,  Uehling,   Us.,  1.054. 

draught,  COi  recorder,  1,949. 
Gunsaulus  steam  boiler  classification,  1,959. 
Gumey's  boiler,  ills.,  2.060. 

down  draught  steam  heating  boiler,  ills., 

2,149. 
sectional    steam    heating    boiler,    ills., 
.    2,149,  2.150. 
Gusset  stay,  des.,  ills.,  2.211.  stress,  2.212. 
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Hand,  hole,  plate,  area,  calc,  2,229. 
fittmgs,  ills.,  2,255. 
plate.    Union   Iron   Works,    parts, 

ills.,  2,256. 
table,  2,228. 
power  coal  grinder,  Bratm,  iUs.,  1,901. 
Hard  steel,  carbon  percentage,  1,990. 
Hardness,  def.,  1,996. 

testing,  Bnnnell  method,  1.998. 

boiler  materials,  2.020,  ills.,  2,(H8. 
Harrisbuxg  shell  water  tube  boiler,  ilk.,  2.123. 
Hawkes  fire  tube,  water  tube  boiler,  ills., 

2,121. 
Hays,  automatic  flue  gas  collector,  ills.,  1.924. 
Head,  area  stayed,  des.,  ills.,  2^  198-2,201. 
Header (s).  See  Boiler  construction,  header{s). 
Heat,  absorption,  1,776. 
conductivity,  des.,  1,774. 

in  metals,  ilte.,  1,775. 
definition,  1,755. 

effects,  1,755.  

expansion,  advantages  due  to*  1,773* 

due  to,  1,771. 
latent,  des.,  ills.,  1,794. 
evaporation,    1,781. 
external,  1,795. 

diag.,   1,796. 
fusion,  1,781. 
internal,  1,794. 

heat  tmits,  1,795. 
mechanical  equivalent^  1.770,  1,771. 
molecular  vibration,  influence,  1,755. 
of  combustion,  fuel  analysis,  table,  1^)12. 
of  fusion,  latent,  def.,  1,783. 
of  vaporization,  latent,  def.,  1,791. 
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Heat, — Continued 

radiation  of  calorimeter,  1,912. 
relative  conductivity,  table,  1,775. 
required  to  melt  ice,  1,7S3. 
saturated  steam,  total,  1.797. 
sensible,  des*,  ills.»  1,793. 
specific,  1,776. 

ai>patatu8,  Tyndall's»  ills.,  1.776. 

example,  1,777.    . 

ga^es,  table,  1,778. 

liqui(^  and  solids,  table,  1,777. 

standard,   1,776. 
.    superheated  steam,  1,810. 
transfer,  def.,  1.757. 

method,   1,774-1,973. 

rate  of,  1.758. 
transmission,  1,976. 
unit(s),  1. 76ft. 

in  internal  latent  heat,  1.795. 

in  sensible  heat,  1,793. 

old  def.,  1,756. 
zero,  absolute,  diag.,  1,765. 
Heaters,    feed    water,    2.256. 
Heating  boiler,  see  Boiler(s),  heating. 
Heating  surface,  measurement,  1,975. 
classification,  steam  boiler,  1,955. 
essential  qualities,  1,973. 
extensiveness,   1.974. 
form,  1.974. 
material,  nature,  1,973. 
Heating  surface,  steam  heating  boilers,  in- 
adequate, 
ills.,  2.128,  2,130. 
tubular,  characteristics,  diapr*,  1,964. 
water  tube  boiler  classification,  2,058. 
Heating  value,  bagasse,  1,837. 

coal,  fuel  analysis,  calc,  1,911. 

tar,   1.838. 
dry  fuel,  formula,  1.864. 
fuel,  available,  1,865. 

determining,      ultimate      analysis, 
method,  1.863. 

high,  1,869. 

natural  gas,  1,843. 
of  acetylene,  1,852. 
of  benzole,  1,852. 
of  coal,  1,828. 

deferent,  causes,  1,823. 
of  coke,  1.833. 
of  ethylene,  1,852. 
of  gaseous  fuels,  1,869. 
of  marsh  gas,  1,852. 
of  methane,  1,852. 
oleflant  gas,  1,852. 
of  straw,  1.836. 
of  tan  bark,  1.836. 

of  wood  and  coal,  comparative,  1,835. 
oil  tar,  1.839. 
petroleum,    1,840. 
sawdust,  1,837. 
ultimate  analysis,  1,904. 
Heine  superheater,  ills.,  2.260,  2,261. 
Hempel  pii>ette,  flue  gas  analjrsis,  ills.,  1,933. 
High,  heating  value  of  fuels,  1,869. 

pressure,Scotch  boiler,  modern,ills.,2.030. 
temperature,  colors,  1.770. 


Hoar  frost  line,  1,780. 

Hollow  stay,  boiler  construction,  ills.,  2,205. 
Homogeneity,  ills.,  2,200,  des.,  2,021. 
Homogeneous,  def.,  1,996. 
Horizontal,  fire    tube  boiler  vertically  set, 
2,101. 
return  fire  tube  boiler,  triplex,  ills.,  2.101. 
des.,  2.027. 
evolution,  ills.,  2,026. 
ills.,  2.032. 
steam   heating   boiler,   assembling,    ills., 
2.142-2.143. 
Capitol,  ills.,  2,139. 
ills.,  2.129. 

circulation.  Ideal,  ills.,  2,147. 
wafer  tube  boiler,  non-sectional,  Casey- 
Hedges,  ills.,  2,078. 
non-sectional,  Keeler,  ills.,  2,078. 
Horse  power  of,  locomotive  boilers,  2.113. 

marine  boilers,  2.113. 
Hot  short,  def.,  1.996. 

Hydro-carbon  (s)    acetylene,  heating  value 
1.852. 
benzole,  heating  value,  1,852. 
ethylene,  heating  value,  1,852. 
gases,    complete   combustion,    how  ob- 

tamed,  1.878. 
marsh  gas,  heating  value,  1,852. 
methane,  heating  value,  1.852. 
defiant  gas,  heating  value,  1,852. 
Hydrogen,  des.,  1,848. 
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Ice,  fusion  of,  changes,  nece&sary,  1,781. 
heat  required  to  melt,  1.783. 
meUing,  effects  of  pressure  on,  ills.,  1.783. 
point,    1.784. 
volumetric  change,  1,785. 
regelation,  effects  of,  ills.,  1.783,  1,784. 
specific  gravity  of,  1,788. 
Ideal  horizontal  steam  heating  boiler,  circula- 
tion, ills.,  2.147. 
g^s  flow.  Ideal,  ills.,  2,147. 
Ideal  syphon  steam  regulator,  steam  heating 

boiler,  ilk.,  2.152. 
Ignition,  point,  combustion,  1,849. 

wiring,  Emerson  calorimeter,  methods, 
ills.,  1.908. 
Inclined  tube,  method  of  circulating  water  in 

boiler,  ills.,  1.803. 
Incombustible  matter  in  fuels,  1,885. 
Influence  of  cold   on   molecular  vibration, 

1,755. 
Insulation,  steam  boiler,  2,006. 
Intensity,  smoke,  1,880. 
Internal,   external    furnaces,    steam    boiler, 
comparison,  1.984. 
fire  box,  fire  tube  boilers,  vertical,  2,102. 
latent  heat,  1,794,  1,795. 
work  of  fusion,  1.786. 
Internally  fired  boiler,  1,971,  1.984,  2.033. 
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International*    hose,    steam   heating   boiler, 
illB.,  2.145. 
steam  heating  boiler,  ills.,  2,144. 
steam  heating  boiler,  parts,  ills.,  2,131. 
steam  dome,  steam  netting  boiler,  ills., 
2.161. 
Iron,  cast,  see  Cast  iron. 


J 


James'  water  tube  boiler,  ills.,  2,061. 

Jaw  stay,  steam  boiler  construction,  des.,  ilk., 

2,213. 
Jet  pump,  flue  ens  analysis,  Richards,  ills.. 

Joint  (s),  boiler  construction,   butt,  straps, 
equal,  ills.,  2.186. 
objection,  2.168. 
butt,  2.170,  2.181,  2.182,  2.184. 
efficiency,  diag.,  2.160. 
ills.,  2.160. 

circumferential,  ills.,  2.101. 
lap^  butt,  diff.,  2.167,  ills.,  2.168. 
ills.,  2.177,  2.178. 
single,  2,173. 
pull,  effect,  diag.,  2,170. 
riveted  A.S.M.B,  Boiler  Code,  2.176- 
2.188,  2,101. 
calculation,  2.172. 
classes,  2,167. 
efficiency,  2.171. 
strength,  2,160. 
U,  5.  Marine  rules,  2,180-2. 
Wicks,  table,  2.188. 
Jones    coal    samples*    fuel    analysis,    ills., 
1.005. 


K 


Keeler  non-sectional  horizontal  water   tube 

boiler,  ills.,  2.078. 
Kindling,  point,  combustion,  1.840. 

temperatures  fuels,  1,850. 
Kingsford  special  boiler,  ills.,  2.113. 


L 


Ladd  steam  drum,  steam  boiler  construction, 

ills.,  2.245. 
Lamp,  Davy's,  experiment  with,  ills.,  1.840. 
ills.,  1.847. 

principles,  ills.,  1.848. 
Lancashire  boiler,  breeches  flued,  des.,  2,037, 
2.038. 
without  breeches,  ills.,  2.036. 
Lap    and    butt    joints,    steam   boiler   con- 
struction, 2.167,  ills.,  2.168. 


Lap  joint,  steam  boiler  construction,  ills. 
2.160. 

ills.,  2.177,  2.178. 

objections,  2,168. 

single,  2,173. 
Latent  heat,  des.,  ills.,  1,704,  1.706. 

of  fusion,  1.781,  1.783. 

of  vaporization,  def.,  1.701. 
Leslie's,  cube,  ills.,  1.773. 

experiment  of  freezing  water,  as  it  boils,, 
diag.,  1.782. 
Leg  mar^le  boiler,  ills.,  2.054. 
Liberating  surface,  insufficient,  results,  diag.* 

des.,  1.070. 
Ligament,  efficiency,  diag.,  2,106. 
Lignite,  coal,  des.,  1.827. 

combustion,  air  required  for,  1.861. 

youngest  coal,  1,824. 
Linear  exi>ansion,  coefficient,  def.,  1.772. 
Liquid,  and  gas  fuels,  comparison,  1,843. 

def.,  1.780. 

expansion,  1,788. 
Liquid  fuel,  1,830>1,842. 

advantages,  1.830. 

analysis,  1,017. 

sulphur  test,  1.018. 
ultimate,  1,017. 

crude  oil,  compontion,  1,830. 

gas  fuel,  comparison,  1,843. 

oil,  U.  S.  Navy  report,  1,841. 

petroleum,  heating  value,  1,840. 
kinds,  1.830. 
Liquid  (s),  least  density,  point,  1.788. 

maximum  density.  1.788. 

volumetric  changes,  1,788. 

molecular  movements,  1.756. 

specific  heat,  table,  1,777. 
Load,  effects  on  water  tube  boilers,  2,057. 

test,  steam  boiler  material,  2,007. 
Locomotive  boiler  (s),  2,045. 

classification,  1,063. 

horse  power,  2.113. 

differences,  2.046. 

semi-portable,  ills.,  2,046. 

wagon  top,  com.,  2,046. 
Locomotive  tjrpe  marine  boiler,  Rees,  ills.» 

2.055. 
Long  pass,  short  pass,  steam  heating  boiler, 

characteristic,  ills.,  2,13i6. 
Longitudinal,    drum,    elementciry    non-sec- 
tional water  tube  boiler,  ilb., 
2.066. 

header  drum,  ills.,  2.246. 
Luken  diagonal  stay,  ills.,  2.210. 
Lyons  combined  boilers,  adv.,  2.120. 


Magee   steam    heating    boiler,   parts,   ills., 

2,138. 
Mahler  calorimeter,  parts,  ills.,  1,006. 
Malleable,  casting,  1.004. 

iron,  production,  methods,  1,088. 
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M«llMibl«»  iron, — Continued 

steam  boiler  constructiont  2.000. 
pig  ixon  steam  boiler,  materials.  L904. 
Malysbeff  method  determining  elastic  limits, 

diag.,  2.002. 
Manhole*  see  Boiler (s)  construction,    man- 

hoU. 
Manifold,  steam  boiler  construction,  2.251. 
Manning,  boiler,  ills.,  1,058. 

special  boiler,  des.,  2,104. 
Marine  boiler(s),  Clyde  &  Scotch,  diflference, 
2,054. 
des..  ills.,  2,047. 

Graham,  dry  pipe  for  vertical  boiler  of 
steamer  Stornowag  It,  ills.,  2,044. 
horse  power,  2,113. 
leg,  ills.,  2,054. 

over  discharge^  Mosher,  ills.,  2.249. 
triple  tube,  Mosher,  ills.,  2,087. 
position  of,  1,984. 
plate  requirements,  2,156. 
under  discharge.  Yarrow,  ills.,  2,249. 
vertical,  through  tube,  ills.,  2,048. 
Marine  Iron  Works,  Clyde  boiler,  ills.,  2.052. 
special  marine  shell  boiler,  ills.,  2.053. 
submerged  tube  shell  boiler,  ills.,  2.049. 
Marine,  shell  boiler,    locomotive  type,  ills., 
2,055. 
Marine  Iron  Works,  ills.,  2.053. 
steam  boiler  classification,  1.963. 
transverse    drum,    boiler    construction, 
Babcock  &  Wilcoz,  ills.,  2.246. 
Marsh  gas,  heating  value,  1.852. 
Matter,  p^as,  molecular,  mo  verts,  1.756. 
liqtud,  molecular  movements,  1,756. 
solid,  molecular  movement,  1,756. 
three  states  of,  1,755, 1,756. 
volatile,  des.,  1,823. 
Maximum,  density ,  1,788. 
liquid,  1,788. 
volumetric  changes,  1,788. 
pitch,   screwed  staybolts,  2,219. 
Maxwell's  definition  of  a  solid,  1,779. 
Mechanical  equivalent  of  heat,  1,770. 

ills.,  1,771. 
Melting,  ice,  heat  required  1,783. 
volumetric  change,  1,785. 
point,  of  bricks,  2,006. 
ice,  1.784. 

of  sohds,  def.,  1,996. 
Mercury,  thermometers,  advantages  of  using, 
1,759. 
cons.,  ills.,  1,758. 
well,   temporary   thermometer   connec- 
tion, Tafi^iabue,  ills.,  1,761. 
Metallic,  Pyrometer,  calibratixig,  1,769. 
handling,  precautions,  1,769. 
Metals,  heat,  conductivity,  ills.,  1,775. 
Methane,  heating  value,  1.852. 
Micrometer,     2.002-2,005. 
Modified  Clyde  type,  special  boiler,  2,109. 
Modulus  of,  elasticity,  testing    2,009. 

rupture,  2,009. 
Molecule,  def.,  1,755. 
Molecular,  maoemtnts,  gases,  1,756. 
temperature  on,  1,757. 


Molecular, — Continued 

vibration,  cold,  influence  on,  1,755. 
Monitor  coil  boiler,  ills.,  2.144. 
Mortar,  fuel  analjrsis,  bell,  ills.,  1.904. 
Mosher,  over  discharge  marine  tx>iler,  ills., 
2.249. 
triple  tube  over  discharge  marine  boiler, 
ills.,  2.087. 


N 


National  steam  heating  boiler,  fire  pot,  ills., 
2  154 
parts,  ills.,  2,132. 
section,  ills.,  2,153. 
Natural  gas,  heating  value,  1,843. 
Nickel,   steel,    use,    2.004. 
Niclausse  porcupine  boiler,  ills.,  2,092. 
Nipple,   push,    steam   heating   boiler,   ills., 

2,139. 
Nitrogen,  air,  effects,  1,856. 
Non*8ectional  boiler,  1,967. 

horiaontal    water    tube    Zotter,     Casey- 
Hedges,  ills.,  2,078. 
Keeler,  ills.,  2,078. 
Wicks,  ills.,  2,081. 
water  tube  boiler,  des.,  2,064. 

elementary,  longitudmal  drum,  ills., 
2.066. 

transverse  drum,  ills.,  2.067. 
Noszle,     calorimeter,     sampling,     Stott    ft 
Pigott,  ills.,  1,818. 
samx>ling,    calorimeter,    1,820. 


O 


Ofeldt  automobile  boiler,  ills,  2,088. 
Oil,  cool,  evaporation,  comparative,   1,841. 
fuel  value^  relative,  1,840. 
combustion,  air  required  for,  1,861. 
crude,  composition,  1,839. 
fuel,  1,839-1,842. 

advantages,  1,839. 
U.  S.  Navy  report,  1,841. 
tar,  1,839. 

composition,  chemical,  1.839. 
Olefiant  gas,  heating  value,  1,852. 
Olefin,  des.,  1,839. 

Olsen,  automatic  testing  machine,  ills.,  2,010, 
deflection  instrument,  ills.,  2,007. 
extension  and  compression  micrometer, 

ills.,  2.005. 
four  screw  testing  machine,  ills.,  1.999. 
micrometer  extensometer,   ills.,   2,002- 

2,004. 
securing  test  tool,  ills.,  2,000. 
tortion    attachment,    universal    testing 
machine,  ills.,  2.001. 
Open  hearth,  process,  cast  iron,  ills.,  1,992. 

steel,  def.,  1,994. 
Orifice  plate,  throttling  calorimeter,  1,820. 
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Orsat  apiMtrattis,  care  of,  l,929w' 
chemical  reagents  used,  1,931. 
four  i>ipette»  ills.,  1,932. 
precisfon  100  cc.  standard,  ills.,  1,936. 
three  pipiette  connection,  ills.,  1,930. 
Over  discharge,  marine  boiler.  Mother,  ills., 
2,249. 
triple  tube,  Mosher,  ills.,  2.087. 
water  tube  boiler,  ills.,  2,065. 
Oven»  double 'wall*  fuel  analysis,  Eimer  & 
Ameild,  ills.,  1,895. 
drying,  Gaertner,  ills.,  1,896. 
Oxide,  iron,  effects  of,  in  ashes,  1,886. 
Oxygen,  .determination    ol,    1,904. 

necessary    for     complete     combustion, 

amount, .  1,^4. 
required  for  combustion,  table,  1,865. 
supporter  of  combustion,  1,845. 
voluihe,   finding  corresponding  volume 

air,  .1.936. 
where  6btaiiied,  1.845. 


P 


Palm  stay,  des.;  2,212,  ills.,  2,213. 
Paraffin,  des.,  1,839. 

Parallel,    arrangement,    water   tube    boiler, 
accessibility,  2,067,  ills.,  2,068. 
connection,     elementary    steam     boiler, 
ills.,  1,804. 
water  tube  boiler,  ills.,  2,059. 
elementary,    ills.,   2,068. 
Parker,  Water  tube  boiler,  2,096,  2,097. 
Parr  calorimeter,    apparatus  for  use  with, 
ills.,  1.913. 
cartridge  details,  ills.,  1,910. 
Passage  (s),  gas,  stem  boiler,  1.977. 
Peet,  1,833,  1.834. 

machine,  des.,  1,834. 
Pellet  press,  fuel  analysts,  ills.,  1,904. 
Petrie's  water  pockets,  ills.,  2,039. 
Petroleum,  advantages,  1,839. 

heating   value,    1,840. 
Pfaundler's  method  for  radiation  correction, 

calorimeter,  1,912. 
Phoenix- Manning  vertical  boiler,  ills.,  2,103. 
Phosphorous    steel,    boiler    materials,    use, 

2,003. 
Photometer,  sulphur,  fuel  analysis,    Eimer 

&  Amend,  ills.,  1,914. 
Pig  ixtm,  1.993,  1.994. 
Pipe,  blow,  combustion,  ills.,  1,860. 
Pipe  boiler(s),  2.117. 
des.,  2,070. 
features,  2,073. 
Taylor,  ills.,  2,116. 
use,  2,074. 
Pipe,  difference  between  tube  and,  1,972. 
threads,  number,  minimum,  2.235. 
water  tube  boiler,  ills.,  2.095. 
Pitch,  of  stay,  tube,  2.211. 
riveti,  2,170,  ills.,  2.171. 

diagonal,  2.170,  ills.,  2.171. 


Pitch,  HoeU,-~Continued 
maximum,  2.219. 
Plain  cylinder,  shell  boiler,  ills.,  2,027. 
P]ate(s>  boiier,  marine  requirements,  2.156. 
silicon,  effect,  2.005. 
crusher,  fuel  analysis,  ills.,  1.002. 
orifice,  throttling  calorimeter,  ills.,  1.820. 
steam  boiler  construction,  2,1*56. 
side,  boiler  construction,  ills.,  2.216. 
Platinum-rhodium     thermo-couple,     Biown, 

ills.,   1,768. 
Pocket  COi  recorder,   Bacharach,  ills.,  1,937. 

manipulation,  diag.,  1,938. 
Pockets,    water,    shell    boUer,    Petrie,    ills.. 

.2,039. 
Point,    boiling,    thermometer,    method    of 
determining,  ills.,  1.763. 
fixed,  thermometer  scale,  1.760, 
kindling,  combustion,  1,849. 
melting,  ice,  1.784. 
Porcupine,  boiler,  2.089. 
•     classification,  2,090. 
Niclausse,  ills.,  2.092. 
Racine,  ills.,  2.091. 
Shipman,  ills.,  2,090. 
tubes  in,  1,972. 

Ward,  Field  or  double  drop  tube  2,072. 
Pratt  &  Whitney  stay  bolt  taps,  ills.,  2,204. 

2,207. 
Precision,  Boiler  tester,  flue  gas  analysis,  ills., 
1,935. 
flue  gas  collector,  ills.,  1,923. 
Preheating  air  supply,  combustion,  effects, 

1,883. 
Pressure,  atmospheric,  sea  level,  1,790. 
variations,  1,790. 
melting- ice  by,  1.785. 
on  boiling  i>oint,  effect,  1,790. 
on  melting  ice,  effects  of,  ills.,  1,783. 
on  melting  point,  effect,  1,784. 
steam  boiler,  bursting,    diag.,  2,162. 
working,   des.,  2,163,  2.164. 
Priming,  steam  boiler,  1.980. 
Prosser  segment  tube  expander,  ills.,  2J240. 
Proximate  analysis,  coal,  1,889. 

combustion,   1.873. 
Puddled,  iron,  def.,  1,994. 

steel,  steam  boiler,  materials,  def.,  1,994* 
PuddLng,  furnaces,  ills.,  1,989* 

process,  wrought  iron,  1,988. 
Pull^  joints,  effect,  diag.,  2.170. 
Push  nipple,  steam  heatins  boiler,  ills..  2.139. 
Pyrometer(s),  metallic,  calibrating,  1,769. 
precaution  necessary,  1.769. 
principles,  1.766. 
simple,  woridiig,  1.768. 
types,  1,766. 


R 


Racine  porcupine  water  tube  boder,   ills., 

2.091. 
Radial,  fire  tube  boiler,  vertical,  2.105. 
stay,   des.,   ills.,  2.217. 
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Radial* — Continued 

T  Ban,  ills.,. 2.221. 
Radiation,    calorimeter,     heat,     correction, 

1,912. 
Radiometer,  ills.,  1.773. 
Rapid  circulation,  steam  boiler,  desirability, 
des.,  diag.,  1.978. 
evapoTttlion,  steam  boiler,  1,977. 
Reaumur  thermometer  scale,  1.764. 
Recorder  COt,  see  COj  recorder. 
Rees,  locomotive  type  marine  boiler,  ills., 
2.055. 
Western  river  type  flue  boilei^  ills.,  2J0S6. 
Refined  cast  iron,  d^.,  1,994. 
Revelation,  effects  of,  ills.,  1,783, 1,784. 
Regulator    steam    heating    boiler,     syphon 

steam.  Ideal,  ills.,  2,152. 
Relative,  conductivity  of  heat,  table,  1,776. 

fuel  value  of  coal  and  oil,  1,840. 
Report,  of  U.  S.  Navy  on  oil  fuel,  1,841. 
Resilience,  steam  boiler  materials,  def.,  1,996. 

test,  steam  boiler  materials,  2,011. 
Return,  fire  tube  boilers,  horizontal,  duplex, 
ills.,  2.100i 
horizontal,  triplex,  ills.,  2,101. 
object,  2.106. 

vertical,  Webber,  ills.,  2,107. 
flue  boiler,  single,  ills.,  2,028. 
tube  boiler,  features,  2,056. 
tubular  boiler,  1,970. 
des.,  2.027. 

evolution,  ills.,  2,026.  ills.,  2,032. 
Reynolds,  boiler,  crown  sheet,  ills.,  2,106. 

vertical  fire  tube  boiler,  ills.,  2,105. 
Richards  jet  pump,  ills.,  1,927. 

flue  gas  analysis,  operation,  1,927. 
Riehle,  specimen  holders,  diag.,  2,011. 
testinj^  machine,  ills.,  2,015. 
weighing  beam,  ills.,  2,009. 
Ringlemann  &,  readings,  plotting,  diag.,  1.802 
scale  for  grading  smoke  density,  ills., 

1,881. 
smoke  chart,  diag.,  1,880. 
Rivet,    steam    boiler    construction,     2,170, 
diagonal,  2,170,  ills.,  2,171. 
pitch,  ills.,  2,171. 
Riveted   joint(s),   AJS.M.E.    Boiler  Code, 
2,176-2.1^  2,191. 
calculation.,  2,172. 
classes,  2,167. 
efficiency,  2,171. 
straight,  2,160. 
strength,  2.172. 

U.  S.  Marine  Rules,  2,189-2,190. 
Wicks,  table,  2,188. 
Rivet  pitch,  2.170,  ills.,  2.171. 
Riveted  stay,  des.,  ills.,  2,209. 
Riveting    man    hole  irames,    ills.,  2,231 
Rivets,  fracture  between,  ills.,  2,175.  5. 
^lit  and  double  shear.  His.,  2,175. 
Roberts  water  tube  boiler  construction,  ills., 

2,071-2,076. 
Roller  tube  expander,  ills.,  2,240. 
Round  vertical  steam  heating  boiler,  ills., 

2,128. 
Rules,  construction,  steam  boiler,  2,155. 


Rupture,    modulus,    2,009. 
Rust,  effect  on  steel,  1,990. 


S 


Safety,  factor  of,  2,007. 

lamp,  Davys  cons.,  Xt847« 
principle,  ilL.,  1348. 
steam  boiler  comstruction,  factor,  2,163. 
Sample(s),  coal,  preparing,  ills.,  1,890-91. 
Jones,  ills.,  1,905. 
flue  gases,  1,923. 

Hays,    automatic    flue    gas    collector, 
collecting,  1,924. 
Sampling,  noaUe,  calorimeter,  1,820. 
Stott  &  Pigott,  ills.,  1,818. 
tube,  flue  gas  analysis,  location,  1,925. 
Sarcq,  calorimeter,  fuel  analysis,  ills.,  1,907. 
COs  recorder,  1,940,  1,941,  1,943,  1,948. 
Saturated  steam,  def.,  1,789. 

total  heat,  1,797. 
Sawdust,  fuel,  condition,  necessary,  1,837. 
Scale  (s)f  for  grading  smoke  density,  Ringel- 
mann,  ills.,  1,831. 
scleroscope,  1,997. 
thermometer,  centigrade,  1,760,  1,763. 
comparison,  1,763,  1,764. 
des.,   1,762. 

Fahrenheit,   1,760.  1.763. 
Reaumur,  1,764. 
subdivision,  1,762« 
types,  1.763. 
use,  1,759. 
Scleroscope,  ills.,  1,997,  1,998. 
Scheibler,  dessicator,  ills.,  1,899. 
Scientia  calorimeter,  ills.,  1,915. 
Scotch  boiler,  features,  2,048. 
Clyde,  diff.,  1,970. 
form,  2,054. 

modem,  high  pressure,  ills.,  2,050. 
shell  boiler,  parts,  2.049. 

single  furnace,  ills.,  2,051. 
Screwea  stays,  2,205,  2.206,  2,217. 
Sea  level,  atmospheric  pressure,  1,790. 
Seabury  bent  water  tube  boiler,  ills.,    1,960. 
Seam,   steam  boiler  construction,   element, 

ills.,  2.173. 
Sectional,  boiler,  Graham,  ills.,  2.077. 

down  flow  water  tube  boiler,   Parker, 

diag.,  2,096. 
headers,  ills.,  2,254. 
horizontal  water  tube  boiler,   Babcock 

&  Wilcox,  ills.,  2,080. 
steam,  boiler,  1,967. 

heating  boilers,  Gtu*ney,  ills.,  2,149, 
2.150. 
view.    National    steam    heating   boiler, 

ills.,  2,153. 
water  tube  boilers,  adv.,  2,069. 

parallel,  elementary,  ills.,  2,068. 
parts,   2,066. 

series,  elementary,  ills.,  2,068. 
Segment  tube  expander,  steam  boiler  con- 
struction, Prosser,  ills.,  2,240. 
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Semi-anthracite  ooal»  des.*  1,825. 
Semi-bituzninous  coal»  des.*  1,826. 
Semi-portable  locomotive  shell  boiler,  ills., 

2,046. 
Sensible  heat,  des.,  ills.,  1,793. 
Separating  calorimeter,  des.,  1»81£>* 
error,  percentage,  1,811. 
cq)eration,  1,816. 
Series,  connectors,   elementary  steam  boiler, 
ills.,  1,804. 
water  tube  boiler,  ills.,  2,058. 
Parallel f  pipe  boiler,  Almy,  ills.,  2,095. 

water  tube  boiler,  2,001. 
sectional  water  tube  boiler,  elementary, 
ills.,  2.068. 
Setting,  steam  boiler,  materials  used  in,  1,985. 
Shear,  single,  double,  diff;,  2,170. 

testing,  single  and  double,  ills.,  2,016. 
test,  steam  boiler  materials,  2,011. 
Shearing,   ills.,     2.172. 

test,  steam  boiler  materials,  kinds,  2,017. 
tool,  Olsen,  ills.,  2.000. 
Sheet,  crown,  Reynolds,  boiler,  ills.,  2,106. 

des.,  2,025. 
Shell  and  water  tube  boiler,  sensitiveness, 

diag.,  1,982. 
Shell  boiler,  see  Boiler(s),  shdl. 
Shipman  porcupine  boiler,  ills.,  2,090. 
Shore  sceferoscope  outfit,  ills.,  1,998. 
Short,  cold*  def.,   1,995. 

hot,  1.996. 
Silicon  in  boiler  plate,  effect^  2.005. 
Silsby  fire  tube  water  tube  fire  engine  boiler, 

ills.,  2.125. 
Simmance-Abady     COt     recorder,    working 

parts,  ills.,  1,946. 
Single,  and  double  shear  test,  ills.,  2.016. 
double  shear,  2,170. 
flue   Clyde   type   boilers,   ills.,   2.109. 
furnace  Scotch  shell  boilear,  iUs.,  2,051. 
lap    joint,    2.173. 
return  flue  boiler,  ills.,  2,028. 
tube  boiler,  1,967. 
Sling  straps,  boiler  construction,  ills.,  2.216. 
Smelting  copper,  methods,  1.985. 
Smith-Mannmg  special  boiler,  ills.,  2.104. 
Smoke,  black,  indication,  1,877. 
particles,  1,875. 
cause  of,  1.876,  1,877. 
chart,  BLingelmann,  diag.,  1,880. 
colored,  indication,  1,876. 
combustion,  classincation,  1,880. 
def.,  1,875. 

density,  determining,  electrical  method, 
1382. 
grading,  1.881. 

Rmgelmann  scale,  ills.,  1.881. 
Socket  stays,  des.,  ills.,  2.207. 
Soft  steel,  carbon  percentage,  1,990. 
SoUd(s),  des.,  1.779. 

Maxwell's,  def.,  1,779. 

moleodar  movement,  melting  povat  def. 

1,756,  1,996. 
specific  heat,  table,  1.777* 
Soot,  cause  of,  ills.,  1.876. 
Spade  peet,  des.,  1.834. 


Special  boiler  (s),  see  Boilers  special. 
Specific  gravity,  of  ice,  1.785. 

def.,  1,996. 
Specific  heat,  1,776, 1,777. 

apparatus,  Tyndall's,  ills.,  1,776. 

def.,  1.776. 

gas  variations,  1.778. 

liquids,  table,  1,777. 

of  gases*  table,  1.778. 

of  solids,  table,  1.777. 

of  super-heated  steam,  1,810. 

standard,  1,776. 
Stanley  automotule  boiler,  ills.,  1,965. 
Stetes  of  matter,  1,755. 
Stay,  boiler  construction,  hollow,  ills.,  2.205. 

screwed,  drilled  holes,  object,  2,206. 
flaws,  des.,  ills.,  2,206. 
Stay  bolts,  screwed,  pitch,  maximum,  2.9I9:. 

des.,  lUs.,  2,20E2. 

breaJdng,  2,207. 

top,  ills.,  2,203. 
thread,  2,205. 
ills.,  2,204. 
Stay,    gusset,    stress,  2,212. 

jaw,  ills.,  2,213. 

pabn,  ills.,  2,212.  2,213. 

riveted,  boiler  des.,  ills.,  2,205. 

rods,  steam  boiler,  des.,  iUs.,  2,206. 

screwed,  diameter,  2,205. 

crow  foot,  des.,  2,213,  ills.,  2,212. 

diagonal,  Luken,  ills.,  2,210. 
types,  ills.,  2,210. 

fastening,  methods,  ills.,  2,218. 

gusset,  des.,  alls.,  2,211. 

jaw,  des.,  ills.,  2,213. 

palm,  des.,  24212,  ills.,  2,213. 

radial,  des.,  ills.,  2,217. 

socket,  des.,  ills.,  2,207. 

stress,  minimum,  2.221. 

tube,  ends,  ills.,  2.209. 
pitch,  2,211. 
Staying  boilei  head,  ills.,  2,215. 
Steam,  boilers,  see  Boilers. 

calorimeter,  see  Calorimeter. 

drculation   of   water  in    boilers,    ills., 
1,803. 

condensation,  causes,  1,799. 

definition,  1.789. 

dome,  steam  heating  boiler,  2,152. 
International,  ills.,  2,151. 

drum,  Vogt,  ills.,  2,251. 
class.,  2,244. 
Ladd,  ills.,  2,245. 

dry,  1.789. 

engine,  fire,  boiler,  fire  tube,  water  tube, 
Silsby,  ills.,  2,125. 
shell  water  tube.  Pox,  ills.,  2,122. 

evaporation    factor,    see    Bvaporation 
factor. 

formation,  1,790, 1,800. 

gas,  1,790. 

gaseous,  1,790. 

generator  is),  boiler,  diff.,  1,972. 
types,  1.972. 

heating  boiler,  see  Boiler,  h^^fiy^a 

ice  to,  1.779-1.820. 
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Stmmxn, — Continued 

laUnt  heat,  des.,  ills.,  1,794. 

extemalt  1.795. 
parallel  connection,  elementary  boiler, 

ills.,  1.804. 
pressttre,    classification    steam    boilers, 

1.959. 
pump,  flue  gas,  analysis,  des.,  1.928. 

operation,  1,928. 
quality,  1.811. 
regulator,  steam  heating  boiler,  syphon, 

2.152. 
space,  steam  boiler,  1.978. 
superheated,   1,790. 

ice  to  steam,  1,810. 
specific  heat,  1,810. 
wet,  des.,  1,789. 
Steamer,  Norwoood,  boiler,  ills.,  2,087. 
Steel,  ans[le  stays,  2,214. 
alummum,  use,  2,004.    . 
application  to  boiler  construction,  1,990. 
Bessemer,  qualities,  1.992. 
def.,  1.993. 
process,  1,992. 
carbon,  x>ercentage,  2,002. 

carbon,  uses,  2,002. 
cast,  carbon,  percentage,  1,990. 

def.,  1,993. 
castings,   def..   1,994. 
converted,  def.,  1,993. 
crudbte,  def.,  1,993. 
def.,  1,994. 

manganese,  use,  2,004. 
nickel,  use,  2,004i 
open  hearth,  def.,  1,994. 
phosphorus,  use,  2,003. 
phirsical  properties,  2,001. 
puddled,  def.,  1,994. 
rust;  effects,  1,990. 
sheer,  def.,  1,994. 
soft,  carbon,  percentage,  1,990. 
steam  boiler  materials,  1,993. 
sulphur,  use,  2,004. 
Stirling  bent  water  tube  boiler,  ills.,  2,084. 
Stott  &  Pigott  sampling  nozzle,  calorimeter, 

ills.,  1,818. 
Straps,  sling,  ills.,  2,216. 
Straw,  composition,  1,836. 

heating  value,  1,836. 
Strength  (of)  riveted  joint,  2,160,  2,172. 
steam  boiler,  shell,  calculating,  2,159. 
materials,  def.,  1,996. 
Stress,  bending,  def.,  2,006. 
gusset  stay,  2,212. 
test,  2,011. 
Submerged  tubes,  shell  boiler,  2,043. 

shell  boiler.  Marine  Iron  Works,  ills., 

2.049. 
vertical  boiler,  ills.,  2,042. 
Stilphur,  combustion,  des.,  1,849« 
correction,  calorimeter^  1,914. 
fuel  analysis,  determinmg,  1,903. 
photometer,    fuel    analysis,    Bimer    & 

Amend,   ills.,    1,914. 
steel,  steam  boiler  material,  use,  2,004. 
testing  for,  1,899. 


'  Sulphur,— <7on<>«««(i 

test  liquid  fuel  analysis,  1,918. 
testing,  Eschkas  method,  1,900. 
Superheated  steam,  1,790. 

specific  heat,  1,810. 
Superheaters,  boiler  construction,  2,256. 
elements,  Foster,  ills.,  2,259. 
flooding,  object,  2,259. 
Foster,  ills.,  2.257,  2,258. 
Heine,  ills.,  2,260,  2,261. 
location.  2,258. 
Surface (s),  flat,  reinforcement,  2,201. 
nate,  boiler,  2,113. 
neating,  measurement,  1,975. 
form,  1,974. 

tubular,  characteristic,  diag.,  1,904. 
steam   heating   boiler^  efficiency,    dmg** 
2,135. 
eztensiveness,  1,974. 
inadequate,  effect,  ills.,  2.130. 
liberating,  1,978. 

insi^cient,  results,  diag.,det.,  1.979. 
Surfusion,   1,785. 

unstable  condition,   1,785. 
temperature  change,  1,785. 
S3rphoa    steam    regulator,    steam    >ii*at«*ig 
boiler.  Ideal,  ills.,  2.152. 


T 


Table    (of),    comparison    of   gas   and   ooal, 
1,843. 
air   required  for  combustion  at   1,866. 

1.861. 
COt  and  excess  air,  1.953. 
factors  of  evaporation,  1,807,  1,808. 
heat  of  combustion,  fuel  analy^s,  1,912. 
relative  conductivity  of  heat,  1.775. 
riveted  joints.  Wicks  Boiler  (^.,  2,188. 
specific  heat,  of  gases,  1,778. 
of  Uqtiids,  1.777. 
of  solids,  1,777. 
water  evaporation,  fuels,  1,844. 
Tagliabue,  mercury  well,   1,761. 

thermometer,  ills.,  1,759,  1,760. 
Tailor  pipe  boiler,  ills.,  2,116. 
Talbot  boiler,  water  tube,  ills.,  2,077,  2,111. 
Tan  bark,  composition,  1,836. 
fuel,  wet,  proper  use,  1,836. 
heat  value,  1,836. 
use  of,  1,836. 
Tap(s),  stay  bolt,  ills.,  2.203. 
ills.,  2.204. 

thread,  2,205. 
Tar,'  coal,  composition,  chemical,  1,838. 
neating  value,  1,838. 
oil,  1,839. 

composition,  chemical,  1,839. 
heatmg  value,  1,839. 
Temperature,  1,757-1,770. 
absolute,  1,764. 
value,  1,766. 
zero,  ills.,  1,765. 
change  in  surfusion,  l,7So. 
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Temperature^ — Continued 
critical,  diag.y  1,781. 
during  change  of  state,  1,782. 
furnace,  combustion,  calculating,  1,881. 

increasing,  1,883. 
bigh,  colors  of,  1,770. 
lowering,  closed  vessel,  effects,  1,799. 
measurement,  1,757. 
molecular     movement,     influence     on, 

1,757. 
of  one  degree,  rise,  def.,  1,763. 
Tensile*  strength,  2,013. 

test,  boiler  materials,  ilL.,  2,012,  2.015. 
ills.,  2.012. 
Tension  test,  2.014,  2.013, 
Tenacity,  steam  boiler  materials,  def.,  1,996. 
Testy  calorimeter,  des.,  1,909. 
cold    bending,    des.,    2,020. 
hardness,  2.020. 

homogeneity,  ills.,  2.020,  des.,  2.021. 
sulphur,  liqtud  fuel  analysis,  1,918. 
tensile,   ills.,    2.012,   2.015. 
Testing*  fuel,  see  Fuel  analysis 

machine,  automatic,  Olsen,  ills.,  2.010. 
Olsen  four  screw,  ills.,  1.999 
Universal  tortion  attadmient,  Ol- 
sen* ills.,  2.001 
ateam  boiler  materials,  see  Boiler  mater- 
ials, testing. 
Thermal  unit,  British,  definition,  1.756. 
Thermo-couple,  Foxboro,  ills.,  1,769. 

platintun-rhodium.  Brown,  ills.,  1.768. 
Thermometer(s),  boiling  point,  method  of 
determining,  ills.,  1.762. 
connections,  Tagliabue,  permanent,  ills., 

1,760. 
freezing  point,  ills.,  1.761. 
mercury,  advantages  of  using,  1,759. 
cons,  ills.,  1,758. 
use  of,  1.758. 
ordinary,  contraction,  1.759. 
principles,  basic,  1,758. 
scale,  see  Scale, 
Tagliabue,  ills.,  1.759,  1,761. 
temporary    connection,    mercury    well, 
use  of,  1.757. 
Tboxapaon  calorimeter,  fuel  analysis,  1.918. 
Thread (s),  pipe,  steam  boiler  construction, 
number,  minimum,  2,235. 
stay  bolt  tap,  boiler  construction,  2,205 . 
stripping,    steam    boiler    construction, 
prevention,  2,204. 
Three  pass  tubular  shell  boiler,  adv.,  2,031. 
Three  pipette  Orsat  apparatus,  ills.,  1,930. 

states  of  matter,  ills.,  1755,  1,756. 
Throttling  calorimeter,  compact,  1,814,  ills., 
1,819. 
Ellison,  construction,  1,813. 

operation,  1,813. 
error,  percentacre,  1.811. 
ice  to  steam,  orifice,  plate,  ills.,  1.820. 
Through  tube,  1.967. 

vertical  marine  boiler,  ills.,  2,048. 
Tools  taps,  stay  bolt,  thread,  2,205. 
ills.,  2,203. 
Pratt  &  Whitney,  ills.,  2,204,  2.207. 


Torch,  blast,  laboratory,  Clayton  &  Lambert, 

ills.,  1.900. 
Tortion  attachment,  Olsen,  ills.,  2,001 
Tortional  test,  testing,  des.,  ilia.,  2,017. 
Towering  temperature  enclosed  vessel,  1,799. 
Transfer  of  heat,  def.,  1.757. 

methods,  1.774. 1,973. 

rate  of,  1,758. 
Transmission  of  heat,  1,976. 
Transverse  drum,  elementary  non-sectional 
water  tube  boiler,  ills.,  2,067. 

test,  ills.,  2,014,  des.,  2,016. 
Travel,   gas,   steam   heating   boiler,  diag., 

2.134. 
Trevithick  shell  boiler,  2.033,  2,034. 

ills,  2.034. 

Tri-pass  fire  tube  boiler,    extended    shell, 

object,  2,110. 
Triple,  point,  ice  to  steam,  diag.,  1,780. 

tube    over    discharge    marine     boiler, 
Mosher,  ills.,  2.087. 
Triplex  hoxisontal  return  fire  tube  boiler,  ills., 

2.101. 
Tube(s),  arrangements,  steam  boiler,  various, 
ifls.,  1.966. 
difference  between  pipe  and,  1.972. 
double,  1,967. 
ends,  stay,  ills.,  2.209. 
expander.  Roller,  ills.,  2,240. 

segment,  Prosser,  ills.,  2,240. 
Field,  1,967. 

fire  and  water,  diff.,  2,023. 
flue,  difference,  2,025. 

steam  boilers,  diff.,  des.,  ills'.  1.963. 
Galloway,  1.970. 
grouping^  steam  boiler,  1.957. 
water  tube  boiler,  2.058. 
parallel  and  aeries,  2.067. 
pipe,  steam  boiler,  diff.^  1,972. 
position,  water  tube  boiler,,2,059. 

steam  boiler  classification,  1,957. 
sampling,  location,  1,925. 
spacing,  des.,  ills.,  2,193-2,198. 
stay,  2.209. 

pitch,  2.211. 
steam,  fastening,  2,241. 
single,  1.967. 

submeified,  shell  boiler,  2.043. 
U,  boihng  water,  circulating  in,  1,801. 
various,  ills.,  1,960,  1,962. 
water,  Graham  boiler,  ills.,  2,144. 
water  tube  boilers,  bent,  various,  2.082. 
Tubular,  boiler,  horizontal  returns,  2.027. 
heating  surface^  characteristic,  1.964. 
shell  boiler,  horizontal  return,  ills.,  2,032. 
three  pass,  adv.,  2,031. 
Tumbudde,  ills.,  2,209. 

Two  pass  fire  tube  boiler,  Casey-Hedges,  ills., 
2.110. 

Tyndall's  specific  heat  apparatus,  ills.,  1.776. 
'  auxiliaiy  boiler  room  COs  recorder,  ills., 
1,754. 
Vehling  COt  records,  charts,  diag.,  1.952, 
1.950. 
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Ultimate  analT8is»  cbal»  1,889,  1,900. 
combustion,  1,858. 

'  cftleralatioii  from,  1,863. 
heating  value,  1.903,  1,904. 
Ultimate,  liquid  fuel  aoalysis,  1,917. 

streni^h,  2.013. 
Under   discharge,    marine   boiler.    Yarrow, 
ills.,  2,249. 
water  tube  boiler,  ills.,  2.065. 
Underfeed  steam  heating  boiler,  Williamson, 

ills.,  2.137. 
Union  Iron  Works,  drum  end,  steam  boiler 
construction,  ilk.,  2,247. 
hand  hole  plate  parts,  ills.,  2.256. 
Unit(s),  British  thermal,  def.,  1,756. 
he(U,  internal  latent  heat,  1,795. 
old  def.,  1.756. 
sensible  heat,  1,793. 
Universal  testing  machine,  Olsen,  ills.,  2,001. 
Up  flow,  circulation,  water  tube  boiler,  ills., 
2.063. 
down  flow  water  tube  boilers,  2.093. 
Upright  boiler,  Bigelow,  ills.,  2.041. 
*des.,  2.039. 
dry  pipe,  Graham,  ills.,  2.044. 
evolution,  diag.,  2.040. 
types,  2,041,  des.,  2,041. 
■   water  level,  proper,  2,044. 
U.  S»  Navy  report  on  oil  fuel,  1,841. 
U  tube,  boiling  water  circulating  in,  1,801. 


V 


Vacuum,  calorimeter,  Emerson,  ills.,  1,909. 
Vapor  formation,  1,791. 
Vaporization,  des.,  1,791. 

external  work,  1,795. 

in  a  closed  vessel,  effects,  1,799. 

latent  heat,  def.,  1,791. 

phenomena,  ills.,  1.792. 

work  of,  stages,  1.793. 
Vegetable  origin  of  coal,  evidence,  1,824. 
Vertical  boiler(s),  des.,  2.039. 

Berry,  ills.,  2,108. 

defects,  2,042. 

Reynolds,  ills.,  2,105. 

submerged  tube,  ills.,  2,042. 

various,  ills.,  1,958. 
Vertical,  internal  fire  box,  fire  tube  boilers, 
2,102. 

marine  boiler,  through  tube,  ills.,  2,048. 

radial  fire  tube  boiler,  2,105. 

return  fire  tube  boiler,  Webber,  2,107. 

setting,  fire  tube  boiler,  ills.,  2,102. 

steam  heating  boiler,  round,  ills.,  2,128. 

tubular  steam  heating  boiler,  Andrews, 
ills.,  2,136. 


Vessel,  closed,  vaporization,  effects,  1,799. 
Visible  flame,  1,875. 
Volatile  matter,  1»889,  1,895 

des.,  1,823. 

coals,  percentage  curves,  1,872. 
Volumetric,  anal3^is  of  air,  1,845. 

change  (s),  of  freezing  water,  1,785. 
with  maximum  density,  1,788. 
Vogt,  steam  drtimf  ills.,  2,251. 

water,  drum  ills.,  2,251. 
tube  boiler,  ills.,  2,250. 


W 


Wagon,  boiler.  Watts,  ills.,  2,024. 

top,  locomotive  boiler*  cons.,  2,046. 
Ward  drop  Field  tube  boiler,  iUs.,  2,072. 
Waste   heat   vertical   boiler,    inioenix-Man- 

ning,  ills.,  2.103. 
Water,  back,  Clyde  shell  boiler,  removable, 
ills..  2.051. 
steam    heating    boiler,    gilt    edge, 
ills.,  2.139. 

boiler,  circulation,  ills.,  1,803. 

boiling,  1,792,  1,799  1,800-1,802 

circulation  in  boilers,  experiment,  ills., 
1.807. 

contraction  and  expansion,  1,788. 

drum,  Vogt,  ills.,  2,251. 

equivalent,     calorimeter,     1,914. 

evaporation,  determining  heating  value 
of  fuel,  1,861. 
evaporation,  fuels,  table,  1,844. 

feed,  heating,  saving,  1,807. 

fire,  tubes,  diff.,  2,023. 

freezing,  volumetric  chan^,  1,785. 

grate,  water  tube  boiler,  ills.,  2,079. 

height,  steam  boiler,  diag.,  1,980. 

in  wood,  effect,  1,835. 

level,  upright  shell  boiler,  proper,  2,044. 

maximiun  density,  1,788. 

pockets,  shell  boiler,  Petrie's,  ills.^  2,039. 

relative  volume  to  ice,  1,785. 

space,  steam  boiler,  arrangement,  1,978. 
Water,  steam  boiler,  amount  in,  1,980. 

tube  boiler,  see  Boilers,  water  tube 
Watts  wagon  boiler,  ills.,  2,024. 
Webber  vertical  return  fire  tube  boiler,  ills., 

2,107. 
Weighing  beam,  testing  Riehle,  ills.,  2,009. 
Weight(s),  analysis  of  air,  1.845. 

balance,  Eimer  &  Amend,  ills.,  1.894. 
Weisnegg's  muffle  furnace,  ills.,  1.898. 
Weld  iron,  steam  boiler  material,  def.,  1,994* 
Weldable,     def.,     1,996. 
Western,  river  shell  boiler,  ills.,  2,030. 

state  size  of  bituminous  coal,  1,831. 
Wet,  steam,  des.,  1.789. 
White,  cast  iron,  def.,  1,994. 

pig  iron,  d^.,  1,994. 
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WidcB  Boiler  Co.,  table  of  riveted  joint?, 
2.188. 
non-sectional  vertical  water  tube  boiler, 
ills.,  2.081. 
^nUiamson  underfeed  steam  heating  boiler, 

ills.,  2.137. 
Wood,  classes,  1.834,  1,835. 

coal,  heating  values,  comparative,  1.835. 
combustion,  air  required  for,  1.861. 
water,  heat  tmits,  loss  due  to,  1,835. 
Wrought  iron,  def.,  1,088.  process,  1,988. 
steam  boiler  materials,  d«f.,  1.904. 


Y 


Yarrow  under  discharge  marine  boiler,  iUs^ 

2.249. 
Yield  point,  testing  steam  boiler  materialst 

2.013. 
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Zero,  absolute,  determining,  ills.,  1,766* 
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'^That's  Just  what  I  Need" 


TJERE  is  a  set  of  books  that  no  man  in  the  ELEC- 
*  ■■■  TRICAL  FIELD  should  do  without.  This  is  the 
ELECTRICAL  AGE  in  which  we  live;  ELECTRIC- 
ITY now  controls  more  trades,  directs  more  men, 
offers  more  opportunities  than  any  other  power'  that 
man  has  yet  discovered.  Do  you  wish  to  know  the 
underlying  principles  of  MODERN  ELECTRICAL 
PRACTICE? 

If  so,  HAWKINS  ELECTRICAL  GUIDES  wiU  give 
you  the  information.  In  reality  they  are  a  school 
within  themselves,  containing  a  complete  study  course 
with  QUESTIONS,  ANSWERS  AND  ILLUSTRA- 
TIONS, written  in  plain  everyday  language  so  that  a 
practical  man  can  understand  the  "HOW,  WHEN 
AND  WHY"  OF  ELECTRICITY. 

Read  over  the  titles  shown  on  the  back  of  eadi  volume,  and 
note  the  scope  of  each  book.  They  are  handsomely  bound  in 
flCBule    buckram    with    gold    edges  and  will  readily  go  in  the 
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pocket.    THEY  ARE  NOT  ONLY  THE  BEST,  BUT   THE 
CHEAPEST  WORKS  PUBLISHED  ON  ELECTRICITY. ' 

'  Each  book  is  complete  in  itself  and  will  be  supplied  li.oo 
>py,  but  we  believe  that  the  complete  set  is  the  best  bargain.' 

The  books  can  speak  for  themselves  and  a  careful  examination, 
page  by  page,  and  illustration  by  illustiation,  will  convince  yov 
of  their  big  value. 

If  you  will  fill  out  the  following  coupon  giving  all  the  Informa> 
tlon  requested.  WE  WILL  SUBMIT  THE  TEN  VOLUMES 
FOR  EXAMINATION  ON  CONDITIONS  NAMED. 


FREE  EXAMINATION  OFFER 


THEO.  AUDEL  &  CO., 

72  5th  Ave.,  NEW  YORK. 

Please  submit  me  for  examination 
HAWKINS  ELECTRICAL  GUIDES  (Price  $i  each.) 

Ship  at  once,  prepaid,  the  lO numbers;  if  satisfactory  I  agree  to 
s^nd  you  $i  within  seven  days  and  to  further  mail  you  |x  each 
month  tmtil  paid. 
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eers,  alt  Mechanics,  all  Electricians,  and  as  a  practical  course  of  study  for  all 
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professions. By  Frank  D.  Graham.  B.S..  M.S.,  M.E. 
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